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INFERENCES CONCERNING AURORAS 
By Elihu Thomson 


GENERAL ELECTRIC COMPANY, WEST LYNN, MASSACHUSETTS 
Read before the Academy November 14, 1916 


It seems doubtful if any extensive auroral display has occurred with- 
out coincident existence of exceptional areas of disturbance on the sun. 
We may assume that at such times great jets or streams of electrified 
matter (electrons perhaps) akin to cathode rays in a vacuum, are pro- 
jected with high velocities outward, and that occasionally some of 
these jets cross the earth’s orbit or pass near to it, being when leaving 
the sun in a general radial direction, bent backwards for obvious reasons. 

That electrified matter in a vacuum does move in jets or streams for 
indefinite distances is a fundamental fact. Moving charges of the 
same name in paths, straight or curved, act like parallel currents and 
attract one another, the more as their velocity is greater, until the static 
repulsion of such like charges sets a limit to further approach. It is 
possible that the space around the sun may be crossed by many such 
jets or streams of electrified matter moving at very high velocities into 
the vacuous space. The coronal streamers may be the visible composite 
effects of the projected jets. Such electrified jets may act inductively 
by proximity to the earth or directly by conduction of electricity to the 
earth’s outer atmosphere. 

In the present paper, however, it is hoped to prepare the way for 
further study by pointing out certain physical facts regarding the re- 
lations of auroral phenomena to the earth and its atmosphere: to 
locate and give direction to the streamers seen in auroras; and to ex- 
plain the nature of the so called auroral arch, the zenith crown, and 
other characteristics. It is believed that the following propositions 
may be shown to be true. 
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1. Streamers seen in auroras, singly or in composite masses, are in 
reality vertical, or approximately so, to the earth’s surface, nearly 
parallel when adjacent, and only slightly divergent even when miles 
apart; the divergence being due to curvature of the earth’s surface. 

2. In any aurora, the streamers appear to be located in bands or 
zones more or less wide in latitude extending generally in east and west 
direction, or forming belts or zones between parallels of latitude in 
which the streamers extend vertically upward like trees in a forest. 

3. In some rare auroras the vertical streamers are closely limited to 
a narrow belt of latitude; sometimes only 2 or 3° or even less, in width 
north and south, while the east and west extent of the narrow belt 
may be very great. 

4. In wide spread auroras the belt of vertical streamers may cover 
great extents of latitude and extend east and west unlimited distances. 
This appears to have been the case in the recent great aurora of August 
26, 1916. 

5. The curvature of the so called auroral arch is an optical effect of 
perspective, slightly added to by the curvature of the earth. The 
_ appearance of folded curtains of streamers is a similar effect of super- 
position and perspective when the active band or zone covers many 
degrees in latitudes. It is probable that the lower ends of auroral 
streamers have about the same height in the earth’s atmosphere; a 
layer from which they stream upward to heights which vary in different 
displays or even in the same display. This layer probably exists at a 
height of about fifty miles and conducts laterally or horizontally, thus 
distributing the electricity discharged from it into the streamers. 

6. The convergence of long streamers toward the zenith seen in the 
greater auroras, is purely an optical effect of perspective, the streamers 
being vertical. 

.7. The so called zenith crown is in reality due to bundles of streamers, 
nearly vertical but seen on end. They appear as patches of shifting 
light in or near the zenith, sometimes surrounded by apparently con- 
verging streamers from the north, east, and west, and even from the 
south; converging in appearance only. 

8. The convergence of streamers is of the same nature as the con- 
vergence of straight parallel railway tracks in the distance, or better, 
the apparent convergence toward the sun, of the sunbeams seen in dust- 
laden air, when the sun itself is obscured by a small irregular cloud, or 
is back of a broken mass of clouds. 

In April, 1883, at near the middle of sunspot period and coincidently 
with the occurrence of an enormous sunspot, there was perhaps the 
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ereatest auroral display seen in our latitudes for more than half a cen- 
tury. Telegraph lines from east to west could not be operated owing 
to arcing at the keys. The display as witnessed by me, was character- 
ized by colored streamers passing upward from all around towards the 
zenith from north, east, west and south. The coloring gave me the 
first clue to the true relations existing. In the north the sharply de- 
fined streamers beginning their appearance low in altitude with the 
usual greenish auroral light, shot, or spread upward with changes of 
tint, finishing at their upper ends in a deep crimson. The light patches 
of the zenith crown went through the same succession of coloring con- 
stantly, each time ending in deep crimson. This fact suggested in the 
strongest way that in the crown one was observing bundles of streamers 
on end, but of the same character as all the other streamers in the 
field of view. Great masses or broad bands to the east and west though 
steady were colored likewise. ‘These dense masses in the east and west 
were unquestionably due to the composite effect of great numbers of 
streamers superposed in the line of sight through great distances to 
east and west; the colors less pure blurred by distance and failure of 
exact superposition. Other observers at places far to east and west 
of my position might observe zenith crowns but composed of other 
streamers seen on end. A necessary consequence of the display pre- 
senting the same appearance to observers in many places far apart, 
up to hundreds of miles east and west, and through a zone north and 
south, is that the streamers everywhere were in reality vertical, or 
approximately so, to the earth’s surface. In Chicago, a distance west 
of about eight hundred miles, this aurora was described in the same 
way, the appearances coinciding with my observations. The effects 
being so similar in places far apart, the only inference possible is the 
one stated, namely, nearly vertical streamers wherever seen. 

In this view observations upon subsequent auroras could be made 
more intelligently than before. But auroral displays of great magnitude 
are rare in our latitudes, especially such as are so far south as to cause 
a belt of streamers directly over the place of observation giving the 
zenith crown. While several highly instructive displays occurred mean- 
while, one on September 29, 1908, gave streamers converging from all 
directions joining the crown in the zenith which had the usual char- 
acteristics. My note of it says “The rapid procession of streamers 
and the waving curtains make this display quite exceptional; though far 
inferior to that of April, 1883.” On August 26, of this year (1916) 
there occurred a display second only in my experience to that of April, 
1883, but without the remarkable coloring of the display of that year. 
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It was observed by me in the Adirondacks, and served to confirm the 
inferences drawn from the earlier displays. 

But on August 28 there occurred a simple type of aurora which I had 
only seen on two former occasions. It may be said to contain a single 
element only. It consisted of a single band a belt of light, estimated 
at from 13° to 2° wide extending across the sky due east and west, 
from horizon to horizon and passing through the zenith. It lasted for 
an hour or a little more. At the zenith and for 2 or 3° east and west 
thereof, the band was broken into patches which shifted, faded and were 
replaced by others of different shapes and positions. A friend observed 
the same appearance in Maine hundreds of miles to the east on the 
same night. 

The explanation of this simple type of aurora is not difficult when 
made in accordance with the ideas here presented. No streamers were 
seen as such. At the zenith they were directly over the observer, and 
though present were seen only on end as small patches of light constantly 
changing: while in the extensions or narrow bands to east and west 
from the zenith the luminous streak was a composite of super-posed 
streamers in the same latitude as the observer, which streamers over- 
lapped each other all the way down to the apparent horizon along the 
overhead arch east and west. They were like the palings of an extended 
fence located far above the observer. He would see the separate pal- 
ings, directly above him but only on end. Otherwise they overlap and 
obscure each other or one another. To appreciate fully the reality, 
the observer is better placed if the auroral arch when, as in this case, 
very narrow is not directly overhead. The usual auroral arch is the 
location of the lower ends of the vertical streamers extending upward 
from it. This location would appear from the work of Stérmer and 
others to be in a layer of atmosphere about fifty miles high. This 
layer on which the feet of the streamers may be said to rest is prob- 
ably a conducting layer like the partial vacuum in a Geissler tube. 

The so called auroral arch appears as an arch or curve merely because 
of perspective vision, just as a searchlight beam or a long straight 
cloud appears bent when crossing the sky, or as a cloud layer, known 
to be horizontal appears above us as a great inverted bowl. 

The streamers in the aurora of August 26, were, as in the aurora of 
1883, directed towards the zenith crown from all sides. The appearance 
of the whole aurora when at its height, and looking upwards towards 
the zenith was as if one were looking into a truncated hollow cone from 
below its base, with the slant sides composed of ribs of light; these ribs 
as well as the blunt apex, constantly changing, shifting, fading, and 
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returning and traversed by waves of light of varying intensity. These 
appearances were not, of course, peculiar to the particular post of 
observation but were observed from points far east and west without 
substantial differences. A vivid description by Dr. C. C. Nutting is 
found in Science for October 6, 1916, pp. 496 and 497. See also Science 
of November 10 to November 17 and December 8, 1916, for other letters 
concerning this great aurora. 

The belt covered by this display was evidently of very great extent 
east and west and spread far to the north in latitude. One is compelled 
to recognize that observers far apart seeing the same appearances are 
looking up between nearly parallel and vertical streamers, seeing those 
on end as a zenith crown when directly above them; while laterally 
they are superposed by being back of one another at varying distances. 
The same auroral appearances are possible to be seen alike at different 
places simultaneously, only when a system of vertical streamers exists. 

Let us for illustration assume an extended horizontal flat surface 
and that there be erected above it a set of vertical and very long rods 
in a vertical plane extending east and west, the rods being spaced apart 
like the paling in a long straight picket fence. An observer on the 
plane faces north looking towards the rods or paling the lower ends of 
which are high above his position, appearing say at an altitude of 60° 
in the north direction. The lower ends will now appear to lie east and 
west in an arch of curve convex upward owing to diminished angle of 
vision with distance and the rods or palings will appear to converge 
upward if long enough almost to the observer’s zenith, much foreshort- 
ened; the whole effect being that of perspective. Removing the point 
of observation further to the south, the middle point of the arch drops 
more and more, the arch becomes flatter, and the vertical rods appears 
less foreshortened and longer, while still converging towards the ob- 
server’s zenith. ‘These varied appearances, modified to a minor degree 
by the earth’s curvature, are just what are seen in auroras. If the 
vertical rods are spaced apart irregularly, increased in number and 
spread into a band so that they do not lie exactly in a vertical plane 
east and west, but in an arrangement like a long strip of forest extending 
east and west and of considerable width north and south (an arrange- 
ment corresponding to a belt or zone of streamers instead of a single 
line), the analogy to the auroral arrangement at any instant is much 
closer. 

It can readily be seen that the recognition of the vertical relation of 
streamers to the earth’s surface and the nearly constant level of their 
lower ends simplifies to a great extent the study of auroras, particularly 
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the determination of the total height reached by them, curvature of 
the earth being allowed for. The effect of this curvature will be less 
the higher in altitude the auroral arch, or the nearer it is to being over- 
head. The streamers are often observed to rise from the arch first as 
short streamers, gradually developing and extending upward until 
their upper ends are a few degrees from the zenith. When they origin- 
ate in an arch which is of low altitude and extend nearly to the zenith, 
as they appear to do in the greater displays, their length must be hun- 
dreds of miles, possibly in some instances reaching one thousand or 
more. It would appear that no limit can be set for their possible height. 
In most auroras, however, the visible extent of the streamers is more 
limited. <A low altitude auroral arch implies great distance north from 
the observer and for a given actual streamer length a less apparent 
height or length. Paulsen’s class of auroras without streamers may 
mean either that the streamers are too short and too many to be noted 
separately, or that the electrification is too feeble for their development, 
the observed luminous glow being due to flow of current in the con- 
ducting layer itself, an arch forming horizontally, but without outward 
projection. 

If our assumptions are approximately correct the arch of an aurora, 
if located farther north than about 600 miles from an observer will be 
below his horizon but the streamers extending upward from it if long 
enough may be seen. Auroras far north of this will probably be invisible 
or be seen merely as a luminous glow well down on the northern horizon. 
When the breadth in latitude of the auroral zone is great and the dis- 
play is seen from the south, the streamers may overlap or be arranged 
in apparent curtains or folds, the lower ends of the streamers being in 
that case at varying apparent altitudes above the northern horizon 
even when in the same general line of view. In such case they may be 
superposed in the line of sight and therefore be composite, or increased 
in apparent length owing to imperfect superposition in their lengths 
with respect to those back or front of them. It is believed that these 
and like considerations will suffice for the explanation of observed 
appearances of auroras in spite of their great variety. 

The direction of streamers, as indicated, being vertical to the earth’s 
surface, is suggestive of electrical discharges, ions or electrons projected 
outward into space from the conducting layer of our atmosphere; dis- 
charge into space in which the mean free path is unlimited. These 
discharges might have their origin in a charged conducting layer in 
which the potential suddenly rose to a critical value, or might be brought 
about inductively by the presence in the space around the earth of 
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opposite charges possibly arriving in great jets from the sun. Further 
the charges might be communicated to our air from such jets followed 
by discharge into space beyond. 

A sudden uplift of a highly charged thin air layer itself in waves or 
ridges might easily disturb the normal potential distribution and pre- 
cipitate discharges from the crests. Atmospheric currents or dis- 
placements may cause such uplifts as when a colder stream strikes 
down under a warmer charged layer. 

A set of vertical streamers would deflect a compass needle on the 
earth’s surface one way or the other depending on whether such streamers 
exist to the north or to the south of the position of the compass. Observa- 
tions seem to confirm this but more work is needed. The direction of 
the compass deflection would determine the direction of the virtual 
streamer currents to which the deflection was due. Aside from these 
and other considerations, the effort has, however, been to present in 
this communication a rational theory which will at least enable a prop- 
er conception of the actual space relations of the visible portions of an 
aurora in relation to the earth’s surface to be obtained; and to place on 
record ideas which through many years of consideration by the author 
have seemingly received at each appearance of an aurora with streamers, 
repeated confirmation. 

While I have in former papers, as in “Thoughts on Osmical Electric- 
ity,’ an address before the Franklin Institute of Pennsylvania (De- 
cember 19, 1893) and notably in an address on “Atmospheric Electric- 
ity” delivered at Princeton University October 21, 1909, and published 
in Science, December 17, 1909, pp. 857 to 869, given a brief sketch of 
some of the views presented, particularly the outward direction of the 
streamers, later observations have served to provide cumulative evi- 
dence and extend their application. 


APPLICATION OF THE LAWS OF ACTION, REACTION AND INTER- 
ACTION IN LIFE EVOLUTION 


By Henry Fairfield Osborn 


AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK CITY 
Read before the Academy, November 13, 1916 


Since 1893 I have been working upon the interrelations of the various 
so-called factors of evolution and have published a series of studies 
of this subject. In 1908 I presented before the American Society of 
Naturalists an exposition of a law which I termed “the law of the four 
inseparable factors of evolution,” these factors being regarded as the 
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sum of the forces inherent in environment, in individual development 
or ontogeny, in race development or heredity, and in natural selection. 
This conception was worked out more fully in 1912 and published in 
the form of a preliminary statement, as “‘Tetraplasy, the Law of the 
Four Inseparable Factors of Evolution.” During the past two years 
I have been engaged in working out the aspects of this law from the 
standpoint of physics’ and chemistry, that is, interchange of energy, 
in preparation for the Hale Lectures before the National Academy of 
Sciences on ‘The Origin and Evolution of Life upon the Earth.” I 
perceive that it was an error to regard Selection as one of the four 
inseparable factors because it is not a form of energy. Consequently 
the law should be restated in the following terms: 

In each organism the phenomena of life represent the action, reaction, 
and interaction of four complexes of physico-chemical energy, namely, 
those of (1) the inorganic environment, (2) the developing individual (cyto- 
plasm and somatic chromatin), (3) the germinal or heredity chromatin, 
(4) the organic. environment. Upon the resultant actions, reactions, and 
interactions of each organism Selection is constantly operating whenever 
there is competition with corresponding actions, reactions, and interactions 
in other organisms. 

I believe this to be the most fundamental biologic law which can be 
expressed from our existing knowledge. It is in part an application to 
life phenomena, first, of Newton’s third law of motion,? in the light of 
which physicists have given the full dynamical meaning to the modern 
laws of thermodynamics, second, of the laws of thermodynamics, and, 
third, of Darwin’s law of Selection as developed by Weismann, Roux, 
Osborn, and others in modern biology. The reign of the laws of motion, 
including the motion of electricity, and of thermodynamics in the life 
processes follows as a necessary consequence of our modern physio- 
chemical interpretation of many of the phenomena which were formerly 
regarded as vitalistic. 

This law as operating between two or more organisms may be clearly 
expressed in the following scheme. 


Organism A Organisms B—X 


Physico-chemical Actions, Physico-Chemical Actions, 


NATURAL SELECTION 


Reactions, and Interactions ae Reactions and Interactions 
(Competition, 
of the : of the 
Survival, 
LIFELESS ENVIRONMENT ny Sui LIFELESS ENVIRONMENT 
| Elimination, 
DEVELOPING ORGANISM P : DEVELOPING ORGANISM 
R Cessation of Selection, F 
Cytoplasm and Chromatin : Cytoplasm and Chromatin 
Reversed Selection, 
HEREDITY CHROMATIN ) HEREDITY CHROMATIN 


Organic Selection, etc.) 


LIFE ENVIRONMENT LIFE ENVIRONMENT 
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Physico-chemical actions and reactions, which, so far as known, 
follow the laws of conservation of energy, are the chief phenomena 
observed in modern physiology, as set forth in such works as Loeb’s 
“Dynamics of Living Matter.” Through catalysis many of the actions 
and reactions are known to send off chemical messengers which are among 
the chief means of interaction in different parts of the organism. There 
are in animals other means of interaction, such as the enzymes, the 
secretions of the duct glands, the internal secretions of the ductless 
glands, and the nervous system. These interactions do not follow the 
laws of conservation of energy; they work at a distance, and the effects 
do not balance the causes. Certain phenomena of interaction, in which 
chemical messengers of various kinds coérdinate the actions and re- 
actions of the organism, are now understood both in physiology and 
pathology as codrdinating, correlating, accelerating (hormones), and 
retarding (chalones), as well as balancing growth and development. 

The nature of the actions, reactions, and interactions between the 
physical environment, the development organism, and the life environ- 
ment are relatively well understood. It remains to be determined what 
relations these actions, reactions, and interactions respectively have to 
the physico-chemical processes in the somatic and in the germinal chro- 
matin. ‘There are some grounds for the hypothesis of Cunningham that 
some of these chemical messengers affect in a similar manner the germinal 
and bodily chromatin, but this subject is very obscure at present. 


1T am indebted to my colleague M. I. Pupin for valuable suggestions in formulating the 
physical aspect of these principles. He regards Newton’s third law as the foundation not 
only of modern dynamics iti the Newtonian sense but in the most general sense, including 
biological phenomena. The second law of thermodynamics started from a new principle, 
that of Carnot, which apparently had no direct connection with Newton’s third law of motion. 
This second law, however, in its most general form cannot be fully interpreted except by 
statistical dynamics, which is a modern offshoot of Newtonian dynamics. With regard 
to the first law of thermodynamics, it is a particular form of the principle of conservation 
of energy as applied to heat energy. Helmholtz, who first stated the principle of conserva- 
tion of energy, derived it from Newtonian dynamics. 

2“T. Every body perseveres in its state of rest, or of uniform motion in a right line, 
unless it is compelled to change that state by forces impressed thereon.” 

“II. The alteration of motion is ever proportional to the motive force impressed; and 
is made in the direction of the right line in which that force is impressed.” 

“III. To every action there is always opposed an equal reaction: or the mutual actions 
of two bodies upon each other are always equal, and directed to contrary parts.” 

““Newton’s Principia; the Mathematical Principles of Natural Philosophy, by Sir Isaac 
Newton,” translated into English by Andrew Motte, publ. Daniel Abbe, New York, 1848, 
pp. 83-84. 
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THE RESISTANCE OF METALS UNDER PRESSURE 


By P. W. Bridgman 


JEFFERSON PHYSICAL LABORATORY, HARVARD UNIVERSITY 
Communicated by E. H. Hall, November 27, 1916 


In this note are summarized many of the most important results of 
an extended series of measurements on the resistance of metals under 
hydrostatic pressure. A more detailed account of the experiments 
has been offered for publication in the Proceedings of the American Acad- 
emy of Arts and Sciences. ‘The pressure range of this work is from 0 
to 12,000 kg., and the temperature range from 0° to 100°C. The most 
extensive previous measurements have been made by Lisell and Beck- 
man,! who made all their measurements at 0° over a pressure range of 
3,000 kg. 

This investigation includes 22 metals, embracing nearly all the com- 
mon metals obtainable in the form of wire. Special precautions were 
taken in most cases to insure the greatest possible purity; the tempera- 
ture coefficient of resistance at atmospheric pressure affords an indica- 
tion of the probable purity. Of the metals above, Sn, Cd, and Zn 
were Kahlbaum’s ‘K’ grade, Tl and Bi were prepared by electrolysis 
and were of high purity, Pb, Ag, Au, Cu, Fe, and Pt were of exceptional 
purity, and the others are probably not better than of high commer- 
cial purity except Al, which was much better than ordinary. 

The results are summarized in the table. Two kinds of pressure 
coefficient are listed: ‘instantaneous coefficient’ and ‘average coefficient’. 
The ‘instantaneous coefficient’ is the value of the derivative “(2). 
where w is the observed resistance at the pressure and temperature in 
question. The ‘average coefficient’ between 0 and 12,000 kg. is the 
total change of resistance between 0 and 12,000 kg. divided by 12,000 
and by the resistance at atmospheric pressure at the temperature in 
question. 

The effect of pressure is to decrease the resistance of all metals ex- 
cept Bi and Sb, the resistance of which suffers a comparatively large 
increase. The anomalous behavior of Bi was known before, but that of 
Sb is new. The Sb was used in the form of extruded wires. The magni- 
tude of the effect for normal metals varies from 12% to 0.8% for 10,000 
kg., but Te forms a notable exception. 

It is apparent from the table that the relative change of pressure 
coefficient with temperature is much less than the relative change of 
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resistance itself; the direction of change may be either an increase or 
‘a decrease. Another statement of this fact is that the temperature 
coefficient changes very little with pressure; this is shown in the second 
and the third columns of the table. This is perhaps surprising when 
it is remembered that the pressures used here are in many cases great 
enough to compress the metal to considerably less than its volume at 
O°Abs. at atmospheric pressure. The instantaneous coefficient de- 


TABLE 
AVERAGE TEMPERATURE PRESSURE COEFFICIENTS 
COEFFICIENT 0 To 100° 
Instantaneous coefficient | Instantaneous coefficient Average coefficient 
METAL at 0° at 100° 0 to 12,000 kg. 
At 0 kg. At ee ,000 
AtOkg. | At 000 | atOkg. | At ie 000 At 0° At 100° 


In |+.00406 |+ .00383 |— .0,1226 |— .0,1016 | — .0,1510% |— .0,10723 |— .0,1021 | —0. 11313 


Sn 447 441 41044 5936 41062 5973 5920 5951 
ql S17 499 41319 41180 41456 41200 aot 41226 
Cd 424 418 41063 5837 41106 5887 5094 5927 
Pb 421 412 41442 41220 41483 41237 41212 41253 
Zn 416 420 5940 5425 5024 5407 54700 54544 
Al 434 435 5416 5309 5397 5373 53815 53766 
Ag 4074 4069 5398 5321 5399 5331 53332 53362 
Au 3968 3964: 5312 5286 5304 5292 52872 52918 
Cu 4293 4303 5201 5179 5184 5175 51832 51770 
Ni 4873 4855 5158 5142 5163 5156 51473 51575 
Co 3657 3676 6941 6014 6/99 6/04 6873 6/26 
Fe 6206 6184 5241 5218 5247 5230 52262 52000 
Pd 3178 3185 5198 5190 5189 5187 51895 51863 
Pt 3868 3873 51975 5181 5190 5182 51870 51838 
Mo 4336 4340 5133 5126 5130 5125 51286 51265 
Ta 2973 2967 5149 5139 fates) 5147 51430 1486 
W 3219 3216 5128 5121 5130 pizo 51234 51258 
Mg 390! 0555 0555 

Sb 473 403 |+ 0.1220} + 41064] + 5768 + 5723 + 41220) = 5768 
Bi 438 395 |+ 0.154 | + 4213 | + 41524 | + 418954 | + .2228| + 419804 
We) \— .00637 — .03;129 


10° to 20°, 20° to 24°, %extrapolated from 50°, ‘extrapolated from 75°. 


creases with rising pressure, as is natural, but it is at first sight strange 
that the percentage decrease is in nearly all cases less at the higher 
temperatures. 

The numerical results of the above table are not in particularly good 
agreement with the previous results of Lisell and Beckman.! Sugges- 
tions as to the reasons for the discrepancies may be found in the detailed 
paper. Beckman has made extended application of his results to a 
theory of the pressure effect recently put forward by Griineisen,? and 
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has come to the conclusion that Griineisen’s theory can not be more 
than a first approximation. ‘This conclusion will not be altered by 
using the values of the table above instead of those of Beckman. 

The theory of Griineisen is incomplete in the sense that it gives the 
pressure coefficient of resistance in terms of the temperature coefficient 
as well as several thermodynamic constants. I hope to show at some 
length elsewhere that both the temperature and the pressure coeffi- 
cient of resistance may be calculated with better agreement than. by 
Griineisen’s formula by putting the proportional change of resistance 
in any direction equal to twice the proportional change of average am- 
plitude of atomic vibration. ‘This is capable of theoretical explanation 
on the ground that when the atoms are at rest the electrons pass freely 
from atom to atom, but when the separation of the atoms by haphazard 
heat agitation becomes too great, the electrons encounter difficulty 
in jumping from atom to atom. 

The expenses of this investigation were in large part met by generous 
appropriations from the Bache Fund of the National Academy of Sci- 
ences, and from the Rumford Fund of the American Academy of Arts 


and Sciences. 


1 Lisell, E., Inaug. Dis., Upsala, 1902; and Beckman, B., Inaug. Dis., Upsala, 1911; Ark. 
Mat. Astr. Fys., '7, 1912, No. 42 (1-18); Ann. Physik., Leipzig, 46, 1915, (481-502) and 
(931-941); Physik. Zs., Leipzig, 16, 1915, (59-63). 

2 Griineisen, E., Berlin, Verh. D. physik. Ges., 15, 1913, (186-200). 


THE RATE OF DISCHARGE OF CENTRAL NEURONES 
By Alexander Forbes and W. C. Rappleye 


LABORATORY OF PHYSIOLOGY, HARVARD MEDICAL SCHOOL 
Communicated by W. B. Cannon, November 27, 1916 


The frequency of nerve impulses discharged from the central nerv- 
ous system in voluntary and reflex contraction of the skeletal mus- 
cles presents a problem concerning which great difference of opinion 
is found among investigators. Piper, studying the electrical disturb- | 
ance with a string galvanometer, has shown that in human muscles a 
fairly regular series of action currents with a rhythm of about 50 per 
second accompanies voluntary contraction. He inferred from this 
that the central nervous system sends to the muscle 50 impulses per 
second. 

Buchanan, chiefly on the basis of experiments on frogs, reached the 
conclusion that the observed rhythm is not that of the motor nerve 
impulses but is dependent on the condition of the muscle itself. 
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By applying the principle of Buchanan’s experiments to human mus- 
cles we have obtained results which confirm her main conclusion. Elec - 
trodes connected with a string galvanometer were so applied to the skin 
as to lead off the action currents of the first dorsal interosseous muscle 
lying close under the skin between the thumb and forefinger. Records 
were made in this way with the muscle in voluntary contraction at 
normal, subnormal and supernormal temperatures. Lowering of tem- 
perature was produced by immersing the hand and most of the forearm 
in water as cold as could readily be borne (6° to 7°C)., for about fifteen 
minutes; heating was produced by immersion in water at 45°C. for a 
somewhat shorter time. By immersion to a point above the elbow 
the forearm flexor muscles were treated and investigated in the same 
way. An unmistakable and fairly marked decrease in the frequency 
of muscular action currents results from this process of chilling; and an 
increase, which, as is to be expected, is less marked, results from heating. 
As nearly as can be judged from the somewhat irregular oscillations, 
the average action current frequencies at the three temperatures studied 
were in the case of the interosseous muscle as follows: cold 39 per second, 
normal 56 per second, hot 63 per second, in the case of the forearm flexors 
the corresponding estimates are, cold 36, normal 48, hot 50. We claim 
no strict quantitative accuracy for these figures, but the uniformity of 
the estimates justifies the conclusion that there is a real change of rhythm 
correlated with change of temperature. The temperature of the body 
as a whole was shown to undergo no significant change during the 
experiments. 

The result apparently leads to the conclusion that the observed elec- 
trical muscle rhythm is not that of central innervation. It is difficult 
to conceive how a change in temperature in the muscle could alter the 
frequency of discharge of impulses from the ganglion cells whose tem- 
perature remains constant. But each propagated disturbance in a 
muscle fiber must depend on stimulation by a nerve impulse. Nerve 
impulses must therefore be so distributed in time as to render possible 
various frequencies of response such as those observed, depending on 
the temperature of the muscle. This demands a higher frequency 
of nerve impulses than that observed in the muscle rhythm. A care- 
ful study of the most perfectly rhythmical oscillations in our records 
leads us to estimate that there must be at least 300 nerve impulses 
per second to account for the muscle rhythms shown to be possible 
at various temperatures. 

Piper’s strongest argument against Buchanan’s view of muscle rhythm 
which we here substantiate, is that the frequency of stimuli applied 
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to a motor nerve can be raised as high as 300 per second and a corre- 
sponding action current rhythm will still appear in the innervated mus- 
cle. If the muscle can respond separately to as many as 300 nerve 
impulses per second, he argues that it will not respond as slowly 
as fifty times per second unless it is stimulated only fifty times per 
second. 

An explanation of the paradox is found in an analysis of the series 
of events involved in the excitation of a muscle through its nerve, in 
the light of certain functional properties shown by Lucas and Adrian 
to be essentially common to the two tissues. In either tissue a re- 
sponse is followed by a brief ‘refractory period,’ at first absolute when 
the tissue cannot be excited, then relative when the tissue can only be 
excited by a stronger stimulus than usual, and when the response is of 
subnormal magnitude. During the relative refractory period the ex- 
citability and the magnitude of response both return gradually to nor- 
mal. At all times, including the refractory period, the magnitude of 
response in nerve is independent of the strength of stimulus and de- 
pendent only on the state of the tissue. The refractory period in nerve, 
though similar to that in muscle is much shorter. : 

If we assume that the stimulating effect of the nerve impulse on- 
muscle is correlated with its magnitude as shown by other criteria, 
then we find no conflict between the ability of muscle to respond sepa- 
rately to 300 impulses per second and its response at a slower frequency 
to nerve impulses of a higher frequency. For as each nerve impulse 
is made to come earlier in the nerve’s refractory period which was due 
to the preceding impulse, its magnitude is reduced till, coming at so 
. early a stage in the refractory period of the muscle, it fails to excite it. 
One or more nerve impulses will be ineffective following each that is 
effective. The higher the nerve frequency the weaker will be each 
impulse and the more must the muscle recover to be again excited. Thus 
after the critical frequency is reached, the higher the nerve frequency 
the slower the muscle rhythm. In this respect we depart from Buchan- 
an’s view to the extent of supposing an indirect dependence of muscle 
rhythm upon nerve rhythm. 

In view of this analysis, since the nerve rhythm evidently does not 
correspond with the muscle rhythm, it must have ahigher frequency 
than the critical value (300 or more per second) below which the mus- 
cle can follow the nerve rhythm; otherwise the muscle rhythm would 
correspond with it. 

Inferences based on these considerations together with observations 
of Lucas, Adrian and Garten, lead us to suppose that the normal fre- 
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quency of nerve impulses discharged from the ganglion cells in volun- 
tary contraction must lie between 300 and 5000 per second. 

The complete paper will appear in the American Journal of Physiology, 
January, 1917. 


A PHYSIOLOGICAL STUDY OF NOCTILUCA, WITH SPECIAL REFER- 
ENCE TO LIGHT PRODUCTION, ANAESTHESIA 
AND SPECIFIC GRAVITY 


By Ethel Browne Harvey 


CORNELL UNIVERSITY MEDICAL SCHOOL, NEW YORK CITY, AND DEPARTMENT OF 
MARINE BIOLOGY, CARNEGIE INSTITUTION OF WASHINGTON 


Communicated by A. G. Mayer, December 5, 1916 


The specific gravity of Noctiluca is less than that of sea water, so 
that normally the animals float at the surface. They contain no air 
bubbles or large oil drops, and their lower specific gravity must there- 
fore be due to a lower salt content than the sea water. In more con- 
centrated sea water, the animals shrink and in more dilute sea water 
they swell; the plasma membrane therefore has the usual semipermea- 
bility toward the balanced salts of sea water, 1.e., permeability to water 
and impermeability to salts. When placed in a mixture of 4 sea water; 
6 fresh water, the animals sink, their salt content being now greater 
than that of the surrounding medium, but later they rise to the sur- 
face, a process independent of the movement of the tentacle. They 
must therefore have absorbed water not only until their salt content 
is the same as that of the surrounding medium (when they should still 
sink), but enough water to make their salt content again less than the 
4 s.w.: 6 f.w. mixture, thus re-establishing their normal relation to the 
surrounding medium. This water must be absorbed against the os- 
motic pressure of the salts of sea water, a process contrary to physical 
laws. The animals can not only lessen their specific gravity, but they 
can also increase it, as is shown by the fact that on windy days they 
sink far beneath the surface of the sea. Anesthetics, acids and alka- 
lies, KCN, and the pure solutions of the salts of sea water do not inter- 
fere with this regulatory mechanism except when they cause irrever- 
sible changes and death of the cells; dead Noctiluca always sinks to the 
bottom. 

Light production in Noctiluca normally occurs only on stimulation 
of any kind, and is a momentary bright flash; dying animals produce a 
bright steady glow. The luminescence is traceable to points of light 
coming from granules in the protoplasm. No substances were found 
which would cause a rhythmic flashing, comparable to the rhythmic 
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twitching of a muscle in pure NaCl; the only responses given were the 
momentary bright flashing and the steady glow. The latter response 
was called forth by anesthetics, cold (5°-0°C.), heat (43°-49°C.), acids 
and alkalies, fresh water, and a constant galvanic or interrupted in- 
duced electrical current. Cells injured by puncturing with a needle 
or by passage of an induced current respond to mechanical or electrical 
stimulation by a flash just as normal cells do. If, however, the cells 
are completely broken to fragments by pressing them through cheese- 
cloth, they do not flash on stimulation although they do give a steady 
glow. Light production does not occur in absence of oxygen. The 
supposition that the cells are ordinarily impermeable to oxygen but 
become permeable on stimulation and on death, is not true, however, 
for the cells deprived of oxygen immediately give light when oxygen is 
readmitted. without being stimulated mechanically or in any other way. 

Noctilucas may be anesthetized by certain concentrations of ether, 
chloroform, thymol, chloretone, ethyl and buty] alcohol so that they 
fail to give a flash on stimulation, but they always give a very faint 
glow; this disappears and the normal response returns on removing the 
anesthetic. Noctilucas differ in this respect from luminous bacteria 
whose light giving power can be completely anesthetized. (E. N. Har- 
vey, Biol. Bull., 29, 1915, p. 308). Although the anesthesia of many 
processes, e.g., the contraction of heart muscle, cell division and growth 
has been shown to be independent of the consumption of oxygen, we 
should expect the anaesthesia of light production to be dependent on 
the consumption of oxygen since this process is a Juminescent oxidation 
which will take place in solutions in a test tube free from cells. That 
this oxidation is different from that in most cells is shown by the fact 
that KCN has no effect on the light production in Noctiluca in relatively 
high ccacentrations, whereas it quickly paralyses the oxidations of 
most cells. The question arises whether the anesthesia of luminous 
cells is due to the fact that oxygen cannot pass through the membrane, 
or to the fact that it cannot be used. ‘The latter alternative is suggested 
by the experiment of removing oxygen from the cells and readmitting 
it, thus showing that oxygen can pass the membrane at any time. The 
question is answered by an experiment in which the cell substance of 
anesthetized cells was permitted to come in contact with dissolved 
oxygen. Narcotized cells were broken up by shaking with sand, and 
it was found that they produced only a faint light whereas normal cells 
so treated became very brilliant. The anesthetic must therefore at- 
tack the mechanism of the utilization of oxygen in the cell, and not the 
permeability of the cell membrane for oxygen. 
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PHYSIOGRAPHIC SUBDIVISION OF THE UNITED STATES 


By Nevin M. Fenneman 


DEPARTMENT OF GEOLOGY, UNIVERSITY OF CINCINNATI 
Communicated by W. M. Davis, November 24, 1916 


Various attempts at subdivision of the United States into physio- 
graphic provinces have been made, beginning with that of Powell. 
The Association of American Geographers, recognizing the fundamental 
importance of this problem, appointed a committee in 1915 to prepare 
a suitable map of physiographic divisions. The committee consists 
of Messrs. M. R. Campbell and F. E. Matthes of the U. S. Geological 
Survey and Professors Eliot Blackwelder, D. W. Johnson, and Nevin 
M. Fenneman (chairman). The map herewith presented and the ac- 
companying table of divisions constitute the report of that committee. 
The same map on a larger scale (120 miles to the inch) will be found in 
Volume VI of the Annals of the Association of American Geographers, 
accompanying a paper by the writer on the Physiographic Divisions 
of the United States. In that paper are given the nature of the bound- 
ary lines and those characteristics of the several units which are believed 
to justify their recognition as such. Though the above-named com- 
mittee is not directly responsible for the statements there made, many 
of them represent the results of the committee’s conferences. The 
paper as a whole is believed to represent fairly well the views of the 
committee, though in form the greater part of it is a revision of a former 
publication.? 

The basis of division shown on this map, here reproduced, is physio- 
graphic or, as might be said in Europe, morphologic. The divisions are 
based on land forms, not on climate or vegetation. If subdivision were 
carried far enough on the same principle each unit of the lowest order 
would comprise but one physiographic type. In most cases this has 
not been done. Even the units of the lowest order generally embrace 
several types closely associated in their development. 

The genetic classification of land forms is now generally familiar 
to geographers, even to those who do not use it. In this system physi- 
ographic forms are classified according to their histories. Forms which 
result from similar histories are characterized by certain similar features, 
and differences in history result in corresponding differences of form. 
Generally the distinctive features which are important in a genetic 
classification are also obvious to the casual observer, but this is not 
universal. Thus a maturely dissected plateau may grade without a 
break from rugged mountains on the one hand to mildly rolling farm 
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lands on the other. So also, forms which are not classified together 
may be superficially similar; for example, a young coastal plain and a 
peneplain. Hence this map, which distinguishes physiographic types 
based on a genetic classification, does not in all cases make the distinc- 
tions which are most obvious to the casual observer. On the whole 
however, this discrepancy is not great. A very large proportion of 
all the boundaries shown on this map are familiar features. To have 
based the divisions purely on superficial features in proportion to their 
magnitude, would not have resulted in the making of units suited to 
scientific treatment. 

Important physiographic differences between adjacent areas are, 
in a large proportion of cases, due to differences in the nature or structure 
of the underlying rocks. Where this is the case the two areas are dis- 
tinguished on the geologic as well as the physiographic map. Distinc- 
tions based on geologic age also correspond to physiographic distinctions 
where the forms are so recent as to be in their first erosion cycle, as is 
generally the case with sheets of glacial drift. When these facts are 
remembered, it is not surprising that a large proportion of the boundary 
lines shown on the accompanying map are also geologic lines. 

The segments here presented are of three orders, called respectively 
major divisions, provinces and sections. The basis of distinction 
among co6rdinate units is very much the same in all the orders. On 
the whole it may be said that contrasts in structure are stronger and 
more general between adjacent major divisions than between adjacent 
divisions of lower orders. Naturally also, the degree of topographic 
homogeneity is greatest in the units of the lowest order, but the reasons 
for calling one area a major division and another a province or a sec- 
tion are not clearly defined. 

The degree of homogeneity in the several divisions of the same order 
is not in all cases the same. Homogeneity is strong in the Dissected 
Till Plains (12-e) which are practically everywhere submaturely dis- 
sected plains of moderate relief; also in the Snake River Plain (19-d) 
which is everywhere a young lava plain. On the other hand, the East 
Gulf Coastal Plain (3-d) is a heterogeneous area, for it grades from a 
young marine plain with undeveloped drainage near the coast to a 
maturely dissected, belted coastal plain farther inland; this case illus- 
trates the inclusion of several types in one section by gradation, where 
no good dividing line is known, and where practical convenience requires 
that the types be considered in their mutual relations. Again, the 
Nevada Basin (21-b) comprises isolated mountain ranges (probably 
dissected block mountains) separated by aggraded desert plains; here 
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is an intimate intermixture of several types which are, however, so 
related genetically that both are accounted for by the same history. 
Indeed, while this work has no direct reference to teaching, there is 
something almost final about the requirement that a province or sec- 
tion should be a suitable unit for scientific treatment.. This is quite 
as necessary from the standpoint of government surveys as from that 
of the university. 

The committee distinctly disclaims finality for this work. With 
further investigation and more exact mapping some of the boundary 
lines here given may be shifted. The lines on this map were located 
by aid of the largest scale topographic and geologic maps available. 
Parts of the country are, however, imperfectly mapped, hence, with 
respect to exact plotting, the values of the several lines are unequal. 
All are necessarily generalized. As the result of future studies it may 
well be that the rank assigned to some of the units will be changed. 
Units of still lower orders will of course be made. Above all, the pres- 
entation of this map is not intended to preclude the use of other kinds 
of physical divisions like those of Supan, De Martonne, Herbertson, or 
Dryer. It is believed, however, that for a map of physiographic divi- 
sions, the main features of the one here presented will not be greatly 
changed. 

The uses of such a map are of two general classes, (1) for scientific 
(explanatory) description, and (2) for comparative studies with other 
geographic elements. In the former, physical features are looked upon 
as the product of geologic processes, in the latter they constitute fac- 
tors or conditions of life and human activity. In the former aspect 
they are an effect; in the latter a cause. The potency of such causes 
can only be known when statistics of population, agriculture and in- 
dustry and even politics are graphically shown with due respect to 
natural units. It is plain that if matters statistical are to be repre- 
sented on a map of natural divisions, and things human are to be dis- 
cussed in terms of their physical setting, the value of the relations dis- 
covered will depend largely on the character of the natural divisions" 
and their proper delimitation. 

In the following table the names of major divisions are printed in 
italics; the provinces are numbered, and the sections lettered. The 
‘province number and the section letter correspond to those on the map. 


Table of physiographic divisions of the Umited States 


Laurentian U pland.— 
1. Superior Upland 
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Atlantic Plain.— 

2. Continental Shelf 

3. Coastal Plain: (a) Embayed section; (b) Sea Island section; (c) 
Floridian section; (d) East Gulf Coastal Plain; (e) Mississippi 

Alluvial Plain; (f) West Gulf Coastal Plain. 
Appalachian Highlands.— 

4, Piedmont province; (a) Piedmont Upland; (b) Triassic Lowland. 

5. Blue Ridge province: (a) Northern section; (b) Southern section. 

6. Appalachian Valley province: (a) Tennessee section; (b) Middle sec- 

tion; (c) Hudson section. 

7. St. Lawrence Valley: (a) Champlain Valley; (b) Northern section. 

8. Appalachian Plateaus: (a) Mohawk section; (b) Catskill section; 
(c) Allegheny Plateau (glaciated); (d) Allegheny Plateau (Cone- 

maugh section); (e) Kanawha section;* (f) Cumberland section. 

9. New England province: (a) New England Upland; (b) White Moun- 

tain section; (c) Green Mountain section; (d) Taconic section. 

10. Adirondack province. 

Interior Plains.— 

11. Interior Low Plateau: (a) Highland Rim Plateau; (b) Lexington 
Plain; (c) Nashville Basin; (d) not named. 

12. Central Lowland: (a) Eastern Lake section; (b) Western Lake sec- 
tion; (c) Wisconsin Driftless section; (d) Till Plains; (e) Dissected 
Till Plains; (f) Osage Plains. 

13. Great Plains: (a) Missouri Plateau (glaciated); (b) Missouri Plateau 
(unglaciated); (c) Black Hills; (d) High Plains; (e) Plains Bor- 
der; (f) Colorado Piedmont; (g) Raton section; (h) Pecos Val- 
ley; (i) Edwards Plateau; (k) Texas Hill section. 

Interior Highlands.—t 

14. Ozark province: (a) Salem-Springfield plateaus; (b) Boston Moun- 
tains (plateau); 

15. Ouachita province; (a) Arkansas Valley section; (b) Ouachita Moun- 
tains. 

Rocky Mountain System.— 

16. Southern Rocky Mountains (to be divided into sections). 

17. Wyoming Basin. 

18. Northern Rocky Mountains (to be divided into sections). 

Intermoniane Plateaus.— 

19. Columbia Plateau: (a) Walla Walla Plateau; (b) Blue Mountains; 

(c) Payette section; (d) Snake River Plain; (e) Harney section. 


* Likewise part of the Allegheny Plateau. 

{In the report of the committee this is called the Highland Rim Province. Messrs. 
Campbell and Matthes do not concur in the exclusion of this entire province from the Ap- 
palachian Highlands. They would divide it, and assign the eastern half to the Appalachians. 

{In the report of the committee this is called the Ozarkian Highlands. 
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20. Colorado Plateaus: (a) High Plateaus of Utah; (b) Uinta Basin; 
(c) Canyon Lands; (d) Navajo section; (e) Grand Canyon sec- 
tion; (f) Datil section. 

21. Basin-and-range province: (a) Oregon lake section; (b) Nevada 
Basin; (c) Sonoran Desert; (d) Salton Trough; (e) Mexican 
Highland; (f) Sacramento section. 

Pacific Mountain System.— 

22. Sierra-Cascade Mountains: (a) Northern Cascade Mountains; (b) 
Middle Cascade Mountains; (c) Southern Cascade Mountains; 
(d) Sierra Nevada. 

23. Pacific Border province: (a) Puget Trough; (b) Olympic Moun- 
tains; (c) Oregon Coast Range; (d) Klamath Mountains; (e) 
California Trough; (f) California Coast Ranges; (g) Los Angeles 
Ranges. 

24. Lower Californian province. 


1 An excellent account of these attempts has been given by Joerg, W. L. G., Assoc. Amer. 
Geogr., Annals, 4, 1914 (55-84), 22 maps. 
2Fenneman, N. M., Assoc. Amer. Geogr., Annals, 4, 1914 (84-134), 3 maps. 


ON THE COMPOSITION OF THE MEDUSA, CASSIOPEA XAMACHANA 
AND THE CHANGES IN IT AFTER STARVATION 


By S. Hatai 


TORTUGAS LABORATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by A. G. Mayer, December 13, 1916 


Cassiopea may be divided into three distinct parts; mouth-organs, 
umbrella and velar margin. Since these three parts differ not only 
morphologically, but also in their absolute weights, as well as in the 
relative amount of cellular and non-cellular constituents, it was thought 
desirable to study the normal growth of these parts in order to determine 
whether the starving Cassiopea loses weight uniformally or whether 
the loss is dissimilar in the three parts concerned. A large number of 
observations were also made on the undivided Cassiopeas. 

The observations made on the normal Cassiopea may be summarized 
as follows: (1) Relative weights of mouth-organs, umbrella and velar 
margin differ somewhat according to the size of the entire body. (2) 
The water content of the entire body, as well as of different parts, is 
practically identical throughout the animal’s life cycle, so far as fol- 
lowed. (3) The percentage of nitrogen in the solids is highest in the 
smallest medusa, and the values decrease progressively with increasing 
body weight. The percentage of nitrogen is highest in the velar margin 
and decreases in the mouth-organs and umbrella in the order named. 
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All these observations are interpreted as indicating that in the structures 
in which the cellular elements are abundant, the nitrogen content tends 
to be high. (4) The ash content, like the water content, is probably 
the same not only in the Cassiopea as a whole, but also in each of the 
three parts throughout the life cycle. The next step was to determine 
the changes in Cassiopea as the result of starvation. 

Mayer (714) reported (Carnegie Inst. Publ., No. 183, pp. 55-84) 
that in Cassiopea the percentage of nitrogen to the total solids remains 
constant during the entire period of starvation. Mayer infers from 
this that “‘no appreciable chemical change occurs in the composition 
of its body, and that there is no appreciable selective use of different 
substances at different times during the progress of starvation.”’ This 
is remarkable since the starving mammalian body reveals a totally 
different relation owing to the rapid disappearance of reserve substances 
such as carbohydrates and fats during the earlier period of starvation, 
followed by a slow consumption of protein substances later. Thus the 
starving mammalian body gives different percentage values for the 
nitrogen at different periods of starvation, especially in the earlier stages. 

At present my observations are limited to the composition of the 
Cassiopeas at the end of the starvation experiment, while I reserve 
the question of progressive changes during the stages of inanition for 
the future. 

For this purpose eight freshly caught normal Cassiopeas, having 
different body weights, were subjected to starvation. The starvation 
was accomplished by placing the animal in filtered sea water. The 
filtration was made with all the precautions adopted by Mayer (14) 
and the water (4500 cc.) in the vessel was changed once every day. 
Briefly summarized the results of the observations made on the starved 
Cassiopea are as follows: 


1. In general the smaller Cassiopea loses relatively more in weight than 
does the larger Cassiopea. 

2. The percentage of water found in the entire body, as well as in the three 
different parts is nearly the same in all sizes of Cassiopea. However the 
values of water content in the starved, appears to be slightly higher than 
that found in the normal Cassiopea. 

3. The nitrogen content of the entire body is higher in the smaller than 
in the larger Cassiopea, as in the case of the normal animals. 

4. However the absolute amount of nitrogen found in the starved Cassiopea 
is considerably higher than in the normal having the same body weight. 
It was noted also that although high when compared with the normal, equal 
in weight to the starved animal, it is very low for the initial body weight of 
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the starved animal. This shows that the nitrogen also has been consumed 
during the period of starvation. 

5. The nitrogen contents for the different parts of the body are similar 
in their relations to those found in the normal Cassiopea. 

6. The loss in weight of the different parts is of such a character that their 
proportions in the starved remain similar to those in the normal Cassiopea. 


From his data Mayer concluded that the percentage of nitrogen in 
the solids is independent of the period of starvation, and is practically 
identical with that obtained from the non-starved Cassiopea. I have 
however found, as stated above, that starvation tends to increase not 
only the percentage of nitrogen in the solids, but also that the absolute 
amount of nitrogen shows an increase when the starved Cassiopeas were 
compared with the normals having the same body weight. 

The discrepancy between the conclusions drawn by Mayer and by 
myself is I believe due to the fact that Mayer’s observations were limited 
to the larger Cassiopeas (body weights over 100 grams) in which the 
percentage of nitrogen in the solids shows little variation following the 
large variations of the body weight, while the variations in the nitrogen 
are quite noticeable in the Cassiopeas of smaller size. I may add here 
that the data given by Mayer in his table 2, show also a slight indication 
of a difference in the nitrogen content between the normal and starved 
Cassiopeas. 

I have applied Mayer’s law for the loss of weight in starving Cassio- 
peas to my own data, and found a satisfactory agreement between the 
observed and calculated values by the formula 


V = 83.58 (1-0.05)*-! 


where Y represents body weight and X the number of days of starvation. 
My formula differs from that of Mayer in that I give the exponent as 
(x-1) while Mayer gives it simply as x. He did not however con- 
sider the loss during the first day as being due to starvation, for during 
this time considerable quantities of undigested food and slime are dis- 
charged and the loss is thus excessive and irregular. Hence our formulas 
are in essential accord one with the other, both applying after the 
medusa has discharged its undigested food and its gastric cavity is 
empty. The lower body weight obtained, as compared with that cal- 
culated at an earlier period of starvation, was probably due to the fre- 
quent handling of the animal in order to determine the body weight 
daily. 

A more detailed paper will appear in a volume of Researches from the 
Department of Marine Biology of the Carnegie Institution now in 
preparation. 
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STUDIES OF THE MAGNITUDES IN STAR CLUSTERS, IV. ON THE 
COLOR OF STARS IN THE GALACTIC CLOUDS SURROUNDING 
MESSIER 11 


By Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, December 18, 1916 


The investigation of phenomena relating to brightness and color in 
the clusters that are located in rich regions of the sky necessitates a 
knowledge of certain properties of the neighboring stars. A catalog 
of the members of any cluster must inevitably include some stars ex- 
traneous to the group, and to a greater or less extent the colors and 
magnitudes of such objects will influence the interpretation of the 
results. For the globular clusters, particularly in high galactic latitude, 
the preponderance of cluster stars over those that chance to be included 
with them is such that no serious effect is to be feared. For the open 
clusters, however, and especially for those in the Milky Way, the number 
of background or foreground stars may easily exceed the number of 
physical members of the cluster, even at the center of the group. In 
these cases it becomes necessary to make a direct and special study of 
the extra-cluster stars in fields far enough removed from the cluster to 
be practically free of its outlying members, but not so distant that the 
field stars can not be considered representative of those that in pro- 
jection appear commingled with the cluster. 

A study of the colors in the open galactic system Messier 11 (N. G. C. 
6705) has been completed with the compilation of a catalog of the 
magnitudes and colors of nearly five hundred stars. The cluster is 
situated in the constellation Scutum Sobieski, in one of the densest of 
the great star clouds of the Milky Way. Unlike the stars in Messier 
67, in which all the fainter objects are yellow and red (and similar in 
most respects to the neighboring non-cluster stars), those in Messier 
11 fall into all color classes, but with a distinct preference for the bluer 
types. The group is but four degrees from the mid-line of the Galaxy; 
Messier 67 is in galactic latitude +34°. To find whether the presence 
of blue faint stars in Messier 11 is a peculiarity of the cluster or is only 
a result of its low galactic latitude and its association with the star 
clouds, a special study in several neighboring fields was undertaken. 
This investigation bears directly on the relation of the cluster to the 
surrounding stellar masses, and also yields information regarding the 
nature of the galactic clouds themselves and the spectra and intrinsic 
luminosities of the numberless stars that compose them. 
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Nearly forty plates, made with the 60-inch reflector, have been used 
in the present work. In addition to the above-mentioned catalog of 
stars in and near the cluster, photographic and photovisual magni- 
tudes of more than 300 stars in four other neighboring fields have been 
determined by comparisons with the cluster and checked by direct 
comparisons with the Polar Standards. Special care was taken to avoid 
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* 2.5% have color indices greater than +2.00. 
+ 1.3% have color indices greater than +2.00. 


FIG. 1. FREQUENCY OF COLORS IN GALACTIC CLOUDS. ABSCISSAE ARE COLOR CLASSES; 
ORDINATES ARE PERCENTAGES. 


the use of questionable photographs or of doubtful star images, and 
systematic errors of any importance are probably completely absent 
from the results. The average probable error of a color index varies 
in the different fields from a tenth to a twentieth of a magnitude. 

The interval of photovisual magnitude investigated is from 11.0 to 
15.5. The relative frequency of color class is given in the accompany- 
ing table for each field separately and for the four together. Figure 1 
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illustrates the combined results. The most important features are the 
great diversity of color index and the general resemblance of this fre- 
quency curve to that for the brighter stars in the immediate neighbor- 
hood of the sun.! 

The full presentation of the material will appear in two forthcoming 
Contributions from the Mount Wilson Solar Observatory. Some of the 
conclusions to be drawn from the results may be summarized as follows: 

1. Messier 11, in common with many other open clusters, does not 
differ greatly in the brightness and color of its stars from the non-con- 
densed fields which surround it. Though its members without doubt 
form a distinct physical system, it is probably at approximately the 
same distance from the sun as the stars of corresponding color and 
apparent magnitude in the galactic cloud. In fact, the study of colors 
and magnitudes tends to confirm Barnard’s inference, based on general 
appearances, that the cluster may be nothing more than a nucleus of 
the extensive surrounding stellar masses.? In this similarity to its 
environment, therefore, Messier 11 is vastly different from a globular 
cluster, such as Messier 13, which is apparently much more distant 
than the non-cluster stars in the same part of the sky.’ 

2. The distance of all the stars of Messier 11 is sensibly the same; 
hence apparent magnitudes represent relative absolute luminosities. 
Plotting the average color index against magnitude, as in figure 2, a 
striking progression of color with decreasing brightness is revealed. The 
neighboring stars, though showing much the same frequency of color 
class, are probably more scattered in space, and each interval of magni- 
tude includes stars varying greatly in distance and of most diverse 
spectral types. The indefinite relation between magnitude and color 
index here observed is, therefore, not unexpected. 

3. Accepting the present results as dependable and taking color class 
and spectral type as closely analogous, the presence of the small and 
negative color indices in the galactic clouds indicates either that the 
stars are at a great distance or that they are not similar in luminosity 
to the brighter stars near the sun. In the light of recent researches on 
the dispersion of absolute magnitudes of B and A-type stars, the first 
alternative is decidedly preferable. The parallax of a typical B-type 
star of apparent magnitude 13.5 would be about 070002, a value that 
may be taken as a first estimate of the distance of Messier 11. The 
b-class stars in the surrounding clouds are between magnitudes 13 and 
15 and some are possibly fainter—suggesting still greater distances for 
parts of the stellar background. 

4. Just as a wide range of color class and the presence of negative 
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color indices in the globular cluster Messier 13 indicated the absence of 
scattering of light in space,’ the similar properties of the faint stars in 
Messier 11 and the galactic clouds show that in this direction also light 
is not appreciably diminished by scattering. 

5. The present investigation contributes to the problem of the color 
of the faint stars, and consequently, if space absorption is accepted as 
ineffective, to the question of the extent and character of the galactic 
system. ‘The increase of the minimum color index with decreasing 
brightness has been observed by Seares® for the north polar stars, 
galactic latitude +28°, by Hertzsprung® and Seares’ in the open cluster 
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FIG. 2. RELATION BETWEEN COLOR AND LUMINOSITY IN MESSIER 11. ABSCISSAE ARE 
COLOR CLASSES; ORDINATES ARE APPARENT MAGNITUDES. 


N. G. C. 1647, galactic latitude —15°, by the present writer in and 
around Messier 67,8 galactic latitude +34°, and in the neighborhood of 
Messier 13, galactic latitude +40°. In none of these fields have very 
small or negative color indices appeared among the fainter stars;* and a 
definite, accessible limit to the galactic system was thus suggested, at 
least for the higher galactic latitudes. ‘The first divergence from this 
tendency was found in the field of the variable star XX Cygni,!° galactic 
latitude +13°, where 13th magnitude stars of color 6 were found, as 
well as a number of faint a’s. Similarly, faint blue stars have been 
recently observed by the writer in the region of the Perseus cluster, 
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galactic latitude —3°. With the addition of the data for Messier 11 
and for the four neighboring fields, it appears that the redness of the 
faint stars will be found to depend, as might be expected, upon galactic 
latitude, and in the mid-galactic regions will vary with the density of 
the star clouds. 

6. The presence of negative color indices for faint stars in the three 
widely separated galactic regions mentioned above shows that, if these 
stars are typical in absolute brightness, the dimensions of the galactic 
system in the plane of the Milky Way are many times greater than has 
been inferred from studies of variables and investigations of the motions 
and magnitudes of the brighter stars. 


1 For instance, see Parkhurst, Yerkes Actinometry, Astroph. J., Chicago, Ill., 36, 1912, 
(218, 225) and figure 5 on p. 56 of Mt. Wilson Contrib., No. 116. 

2 Berkeley, Univ. Cal. Pub., Lick Obs. 11, 1913, Plate 62. 

3 Mt. Wilson Contrib., No. 116, 1915, (81 ff.). 

* These PROCEEDINGS, 2, 1916, (12-15). 

5 Astroph. J., Chicago, Iil., 39, 1914, (361-369); [Mt. Wilson Contrib., No. 81]. 

6 Tbid., 42, 1915, (92-119); [Mt. Wilson Conirib., No. 100]. 

7 Tbid., 42, 1915, (120-132); [Mt. Wilson Conirib., No. 102]. 

8 Mt. Wilson Conirib., No. 117, 1916. The unpublished results for the fields near Messier 
13 are provisional. 

9In N. G. C. 1647 Hertzsprung (loc. cit.) finds one star of photographic magnitude 12.40 
that is apparently of spectral type B. 

10 Astroph. J., Chicago, Ill., 42, 1915 (148-162); [Mt. Wilson Contrib., No. 104]. 


THE COLOR OF THE STANDARD POLAR STARS DETERMINED BY 
THE METHOD OF EXPOSURE-RATIOS 


By Frederick H. Seares 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, December 18, 1916 


An earlier note in these PROCEEDINGS describes a method of measuring 
the color of a star which depends upon the ratio of the exposure times 
necessary for its blue and yellow light to produce images of the same 
size.t_ A comparison of the observed exposure-ratio with a curve derived 
by combining similar ratios for stars of known color affords a means of 
expressing the results in terms of color-index or color-class. 

The method is expeditious, and, under favorable conditions, precise; 
it is entirely independent of stellar magnitudes, and hence avoids the 
systematic errors which so easily enter as a result of uncertainties in 
the magnitude scales or in their zero points. Moreover, the method is 
direct, in the sense that color is measured and not inferred from obser- 
vations of spectral type. The results thus include that part of the color 
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which is a function of the star’s intrinsic luminosity and also the influ- 
ence of a possible scattering of light in its passage through space. 

The following paragraphs indicate briefly the results found with the 
60-inch reflector for about 80 of the North Polar Standards between 
magnitudes 2.5 and 16.3 whose colors had already been derived by a 
comparison of their photographic and photovisual magnitudes. The 
brighter stars, owing to their distribution, had to be observed sepa- 
rately. To avoid photographic difficulties, the plates for these were 
all of the same emulsion. Further, all the brighter objects were reduced 
to an equivalent of the 11th magnitude, approximately, by means of 
screens and diaphragms and then given the following series of exposures 
on a Cramer Inst. Isochromatic plate: 

a. Yellow images (through yellow filter), 16%, 32°. 

b. Blue images (without filter), 2%, 45, 8®, 16, 32s. 

c. Yellow images (through yellow filter), 16%, 32s. 

In a few cases the exposures for the yellow images were 328 and 643. 

The data on each plate were reduced graphically and gave two values 
for the exposure-ratio corresponding to equal blue and yellow images. 
In general, three plates, exposed upon different nights, were used for 
each star. To derive a reduction curve connecting color-index with 
exposure-ratio, the mean ratios were collected in groups according to 
color-index. Since each group contains stars of widely differing magni- 
tudes, the resulting curve is probably free from the influence of any 
systematic error in the color-indices depending on brightness, and should 
give a reliable value for the color of any star whose exposure-ratio has 
been determined under conditions similar to those underlying the deriva- 
tion of the curve itself. Moreover, the question of systematic errors 
in the original color-indices, which were taken from the Mount Wilson 
investigation of the photographic and photovisual magnitudes of the 
polar stars, can be put to a direct test. 

For this purpose the color-index of each star was determined from its 
exposure-ratio by means of the reduction curve and compared with the 
original value based on magnitudes. The differences, arranged accord- 
ing to the brightness of the stars, should reveal any systematic error 
in the original system of color values, and thus test the accuracy, rela- 
tive to each other, of the photographic and photovisual scales of the 
North Polar Standards. The means of these differences for groups of 
stars of a limited range of brightness are given in the second column of 
the table. Obviously there are no systematic differences of any impor- 
tance which depend upon magnitude. 

In order that the investigation might be extended to the fainter stars, 
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five additional photographs were made with single yellow exposures of 
128° and 10™, respectively, and corresponding blue exposures of 8°, 
168, 32°, 64°, and 1™, 2™, 4™. For these the full aperture of 60 inches 
was used, and the measurable images of all the stars shown were included 
in the discussion. On the plates of the first series described above, the 
images for objects of all degrees of brightness were approximately of the 
same size; but here there was no attempt at equalization. 

The question as to the effect of size of image upon the exposure-ratio 
had accordingly to be examined. Inasmuch as the gradation of a photo- 
graphic plate is to some extent a function of the wave-length of the 
light producing the image, the necessity for some correction of the 
exposure-ratios derived from these plates of longer exposure was antici- 
pated. Special photographs of bright stars taken with a wide range in 
aperture, but with the same series of exposure times, gave data for a 
provisional determination of the corrections. These seem to be moder- 
ate, unless the images used for finding the exposure-ratio are very large. 
The corrected mean differences are in the third and fourth columns of 
the table. The two plates of 10™ exposure were of another emulsion, 
requiring a different reduction curve, and were accordingly reduced to 
the standard curve which applies to the remainder of the data. 

Finally, an additional group of four plates of the original emulsion 
was exposed in November, four months after the others had been taken. 
The results for these are in the fifth column of the table. As the small 
correction depending on the size of the image is not yet well determined, 
it has been omitted in the case of this last group of plates. It will be 
noted that the results are substantially as before. 


DIFFERENCE BETWEEN COLOR-INDEX FROM MAGNITUDES AND THAT FROM EXPOSURE-RATIO 
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The last two columns of the table give the weighted mean differences 
between the Mount Wilson color-indices and the color-values derived 
from the exposure-ratios, and the number of stars included in each 
group. 

The close agreement in the two series of results shows clearly enough 
the usefulness of the exposure-ratio method, and indicates that the 
photographic and photovisual magnitude scales for the North Polar 
Standards are substantially in the proper relation to each other. The 
agreement affords no test of the presence of errors affecting the two 
scales equally; but there can be no important divergence of either scale 
relative to the other, for the differences in the color-values derived by 
the two methods would then show a progressive change with magnitude. 

In general, the precision of the method of exposure-ratios is excellent. 
For example, the probable error of a color-index derived from a single 
exposure-ratio is about 0.07 magnitudes. ‘This value is based upon the 
results for the 36 stars for which there are five or more separate deter- 
minations, and speaks well for the uniformity of different plates of the 
same emulsion. Puzzling abnormalities have occasionally occurred, but 
the cases thus far met with are perhaps to be attributed to causes 
external to the plates themselves. Each emulsion will undoubtedly 
require a special investigation for the determination of factors which 
will reduce it to the standard curve connecting exposure-ratio and color- 
index, but this should not be a matter of any great difficulty. Never- 
theless, the limitations of the method can not be fixed until a number of 
questions of this sort have been examined. 

In the meantime, however, it may be noted that the colors of the 
Polar Standards, brighter than the 13th magnitude, have been deter- 
mined to about the same precision as was reached in the investigation 
of the magnitude scales, with an expenditure of time and labor which 
was perhaps a tenth of that required for the earlier investigation. All 
of the observational data for the present investigation, including about 
80 photographs and nearly 400 separate determinations of color, were 
obtained during three nights with a total of less than 22 hours observ- 
ing time. 

One of the most interesting consequences of this recent determination 
of the colors of stars near the Pole is to be found in the confirmation it 
affords of a result previously announced,? namely, that there are no 
faint stars in this region with negative or small positive color-indices. 
The lower limit of the color-index gradually increases as the fainter 
stars are approached, and at the 16th photographic magnitude its value 
is of the order of +0.5 magnitude. Although this state of affairs was 
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indicated with some certainty by the comparison of photographic and 
photovisual magnitudes, it is of interest to find it appearing as the 
result of an entirely different method of investigation. 

The absence of faint white stars is known to be a characteristic of 
other regions as well,? but it must not be inferred that such objects are 
not to be found anywhere in the sky. In Selected Area No. 88, for 
example, in one of the outlying clouds of the Milky Way, photographs 
by the exposure-ratio method indicate that the stars of the 14th or 15th 
magnitude are nearly normal in color and thus include a considerable 
number of objects that are white. Mr. Shapley has also accumulated 
evidence of this sort in connection with his study of clusters. 


1 These PROCEEDINGS 2, 1916, (521-525). 

2 Astroph. J., Chicago, Ill., 39, 1914, (361-369); [Mt. Wilson Contrib., No. 81]. 

4 Tbid., 40, 1914, (187-204), 42, 1915, (92-119), (120-132); [Mt. Wilson Contrib., Nos. 83, 
100, 102]. 


TERRACING OF BAJADA BELTS 
By Charles Keyes 


Communicated by W. B. Clark, December 16, 1916 


For the local stream-trenching and the resultant terracing of the 
higher zones of those long uniform slopes which so often spread out 
from the foot of desert mountain ranges there is an explanation very 
much simpler than any of the numerous ones yet offered. It has the 
advantage of being in strict accord with the regular and ordinary phases 
of erosional action which recent critical observation shows to be now 
at work as vigorously and as effectively as they have been in any past 
period. It is, in effect, nothing more than a reiteration, ina somewhat 
new form to be sure, of the old law of parsimony which forbids the 
unnecessary multiplication of explanatory elements and agencies. 

In all late physiographical writings in which the term bajada is used 
it is unfortunately misconstrued. Spanish-speaking Americans do not 
seem ever to have given the title so broad a meaning as that some- 
times attached to it. If the name is to remain a useful geographical 
term of description it should be allowed to retain something of its 
original significance, and should be restricted in its application to the 
steeper slopes of the desert piedmonts. Without exception bolsons 
appear to present four distinct physiographic areas, or belts, three of 
which are plains. There is the central, more or less level tract, some- 
times covered for a period of a few days or weeks of each year by a 
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thin sheet of gathered storm-waters—the playa. ‘There is next the long 
smooth slope of low inclination, having about a 2% gradient. This is 
followed by a short, steeper slope, with a 4% grade, to which the name 
bajada is properly given. Fourth is the mountainous periphery. 

In the literature on the arid regions the bajada-belt is usually treated 
as one of the most conspicuous and important drainage features, as 
formed by prodigious outwash from the peripheral highlands of basins 
of centripetal drainage, and as consisting of a series of great coalescing 
delta-fans. To this interpretation several strong objections arise. 
Discordant facts greatly outweigh the supporting evidence. The 
piedmonts of western deserts most frequently described chance to be 
on the margins of the Great Basin where the lofty Wasatch range and 
the still loftier Sierra Nevada produce effects which are not at all typi- 
cal of the true Basin-ranges. In other places the steeper parts ofthe 
intermont plains, or bajadas, often mark belts of resistant rocks and are 
almost devoid of soil. In still other cases the extension of the even- 
sloping bajadas up into the valleys of mountain-arroyos is manifestly 
the direct result of rapid and tremendous drifting of soils from the low- 
land plains, rather than of the gravitational flow of detrital materials 
from the adjacent highlands. The volume of finer rock-waste brought 
down from a desert-range by the infrequent storm-waters is not by any 
means what might be expected; it is, in reality, phenomenally small. 
As more fully stated elsewhere the yearly amount washed down by the 
rains may be swept away by the winds in a single day. 

In spite of the fact, then, that the bajada is often a belt of thick, 
adobe soils, of drifting sands, or of sporadic outwash from the nearby 
mountains, it is also still oftener true that it is an area of the most 
indurated rock, so free from soil that, as W. J. McGee describes, “the 
horses’ shoes beat on the planed granite, and schist and other hard rocks 
in traversing the plain 3 or 5 miles from the mountains.” Then, again, 
there are typical bajadas widely separated from desert ranges by deep 
longitudinal valleys which hug the mountain bases—conditions under 
which there is no possible chance for the outwash from the highland to 
reach the plain. The Sandia, Manzano and Caballos sierras, in central 
New Mexico, are a few of the many notable examples. 

The terracing of arroya-courses in the piedmont belt appears usually 
to be merely the outcome of a vigorous contest which is constantly waged 
between the local, temporary aggrading of wind-driven soils or sands 
on the one hand, and on the other hand by the weak degrading action 
of the infrequently running mountain torrent. The phenomena of 
bajada-terracing is not, as urged by some physiographers, a necessary 
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consequence of the general lowering of the highlands by stream-action, 
while the intermont lowlands are being filled up; because some of the 
best examples of terracing border broad plains having rock-floors. For 
the same reason it does not appear possible that there ever occurs 
during so-called topographic maturity an adjustment by water action 
between one bolson and an adjacent lower one which results in the 
terracing of the higher. There is little or no actual evidence to show 
that bajadas were all formed during periods of glaciation; since some of 
the most typical expressions of these sloping plains are found surround- 
ing low knolls near sea-level, and far below all possible altitudes of 
glacial action in the region. Neither does it appear likely that baja- 
das were built up during interglacial epochs of materials which accumu- 
lated in the mountains when the latter were covered with ice; for this 
does not explain the many cases in which rock-floors are present. Nor 
is it any better to postulate a recent increase of temperature and a 
different distribution and amount of rain-fall abetted by the advance- 
ment of the area in the geographic cycle; for terracing is now going on 
before our very eyes at an astonishingly rapid rate, and as quickly is it 
also completely obliterated. In many localities over-grazing is mani- 
festly a potent and direct cause of the tremendous recent trenching 
and corrading by sporadic storm-waters of the soft temporary soil 
accumulations in the desert. 

In recently setting forth reasons for believing that the gradational 
effects displayed by the intermont plains of arid regions are mainly 
accomplished by means of the winds, I have attempted to point out the 
fact that the action takes place chiefly uphill instead of gravitationally 
down-stream as in the case of running waters. I have also endeavored 
to emphasize the point that the relatively steep slope of the bajada- 
belt represents the highest possible wind-gradients, just as the river- 
bed in a peneplain approaches the lowest possible water-gradient. This 
statement appears to be amply supported by the results arising from 
the artificial diversion of arroyo-courses over the smooth bajadas. 

Were the leveling tendencies of the winds wholly absent from the 
desert regions it is quite possible that the corrasive effects of what 
desert waters there are would be much the same as they are in humid 
lands, differing only in degree. This is well shown in the cases of wing- 
dams that have been constructed to protect lines of railway from the 
disasters of the flood-sheet and the latter has come before the earth- 
works have had time to be leveled by the winds. In one instance in 
particular the culvert and track were washed out in less than an hour’s 
time, and a canyon, 75 feet deep, 50 feet wide and several miles long, 
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was excavated in the smooth surface of the sloping plain. By the time 
a permanent bridge was built to span the deep trench the winds had 
filled the entire excavation, so that where a yawning chasm had been 
was again as smooth as the rest of the plain, and the wing-dams also 
had melted down into the general evenness of the desert’s surface. 
For several years, until it was finally replaced by an earthen grade, 
travelers were wont to express great wonderment at the possible utility 
of so fine a steel bridge resting on the smooth sands of the desert plain. 
The Socorro arroyo, in central New Mexico, presents another perti- 
nent case. There is water running in the shallow wash once or twice 
a year, the supply coming off the lofty Magdalena peak 20 miles away. 
For many years this arroyo, which divides the town of the same name, 
has given the residents an infinite amount of trouble. That its 2% 
grade really produces torrential conditions when the waters do run is 
indicated by the fact that the arroyo-bed is composed largely of pebbles 
and boulders, many of the latter attaining a size of 2 feet. In order 
to obviate the yearly inconveniences of flooding it was determined, a 
few years ago, to divert the channel 4 miles above the town. This 
change of course was accomplished by cutting a narrow trench from the 
bed of the water-way through its bank to a point some 50 yards to one 
side, where the general plain was slightly lower than the bed of the 
wash at the head of the ditch. A low dam was thrown up obliquely 
across the arroyo by piling up boulders from the bed. The theory was 
that the first water coming down the wash would flow out the ditch, or 
spill-way, and there would soon cut a deep channel; and that eventually 
this would carry away all of the future flood-waters. Results more 
than fulfilled expectations. The first time the dry creek became a 
brook there was trenched in a single night a chasm 50 feet deep for a dis- 
tance of more than a mile down the slope of the plain. The materials 
from the great artificial canyon spread out over the railroad tracks 3 
miles away to a depth of 7 feet and to a width of half a mile, necessi- 
tating the rebuilding and raising of the grade for a distance of several 
miles. ‘These two illustrations might be infinitely repeated. 
Observations such as these demonstrate beyond a shadow of doubt 
that whenever around the desert ranges there are alluvial fans, or ac- 
cumulations of unindurated deposits, it is possible at any time for pro- 
found and rapid dissection to take place through means of the copious 
but infrequent storm-waters. ‘The recent notes of C. L. Baker, A. C. 
Trowbridge and others on the eastern slopes of the Sierra Nevada, 
amply confirm these conclusions. Since, however, the restricted areas 
in which the latter investigations were undertaken lie at the foot of 
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lofty ranges and border a region of moister climate the action of running 
waters is more nearly normal than in the Great Basin proper. Yet, in 
the interior of the latter the same phenomena are also well displayed. 
Around the southern rim of one remarkable desiccated Las Vegas, in 
southern Nevada, in the low Spring, Newberry and Eldorado ranges, 
the bajada is frequently dissected and terraced in a singular manner. 
So extensive is it that it may be clearly distinguished even at a dis- 
tance of 10 or a dozen miles. Dissection and terracing are also every- 
where apparent around the region of the excessively dry basins of 
Death valley, the Armagosa plains and the Mojave desert. . 

In this connection there is one circumstance which not only A. C. 
Trowbridge and C. L. Baker appear to have overlooked, but likewise 
FP. L. Hess, J. E. Spurr, G. K. Gilbert, H. W. Fairbanks and other 
earlier writers. In the descriptions of the terrestrial deposits the 
origin of the latter is ascribed entirely to water-action. No account 
seemingly is taken of possible assistance of wind-action in piling up 
locally these masses of debris. Photographs of the region, which the 
authors named reproduce, display unmistakable signs of plenty of wind- 
work. On this point direct personal observation is even more con- 
clusive. In the building up of the so-called alluvial fans and of the 
bajada when composed of fine materials the winds appear to be the 
controlling power. Arroyo-waters seem mainly to be merely modify- 
ing agents, supplying some coarse rock-waste from the mountains, but 
largely locally turning back the materials brought in up-grade from the 
lowland plains. The effects simulate the alluvial fans of humid regions; 
but they are not by any means their exact counterpart. 

After the lower reaches of the canyons, immediately before they 
debouch upon the plains, become over-filled in the course of a few 
months or a few years, with the wind-driven sands and dusts and are 
eolicly aggraded they are readily dissected and even terraced by the 
first appearance of heavy storm-waters on the mountains. For accom- 
plishing these results the time-element is certainly not so interminably 
long as has been commonly supposed. It is not necessary to stretch it 
back to the Glacial period, and far beyond. It is not to be gauged by 
tens of millenia. Its span is to be measured not even by years, but by 
months or weeks. It is known to have been limited by a single rising 
and setting of the sun. 

The local dissection and terracing of the so-called alluvial fans in arid 
regions may have a significance still broader than that commonly 
ascribed to it. In the explanation of these phenomena we may have the 
key to the specific method by which general leveling and lowering of 
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desert lands are accomplished. Neither feature is confined to areas 
which are situated at the mouths of canyons. Both are displayed in 
bajada belts where rock-floors are present and where the once even 
surfaces are worn out on the beveled edges of tilted strata. The Calico 
range, in the Mojave desert, north of Daggett, California, is a notable 
but not an isolated example. No eminence of the Great Basin region 
appears, at first glance, to be more certainly a ‘lost mountain,’ a lofty 
range buried up to its shoulders in its own debris. The bajadas on 
either side of the ridge all but meet over its summit. So low and 
rounded is the crest that manifestly there is no opportunity for exten- 
sive outwash around the borders. There is, in this instance, not only 
remarkable dissection of the bajada belt taking place at the present 
time but a widening of the apparent lines of drainage into wide flat- 
bottomed esplanades with deep reentrants. Elsewhere there is the 
anomaly of a long sinuous terrace several] hundreds of feet in height sepa- 
rating the higher general plains-surface from the lower local plains-level. 
In this we get a glimpse of the formation of those heretofore inexpli- 
cable but characteristic desert features known as plateau-plains. In 
their last stage the isolated Towa-yal-lané, Acoma and Chupadera 
mesas, of New Mexico, are conspicuous illustrations. To this phase of 
the problem attention is later turned. 

The feature of desert bajada-terracing, when explained upon a strictly 
aqueous basis, cannot but lead to complete misinterpretation. The 
phenomenon has no necessary connection with former and greater 
stream-activity. It is one of the wide-spread characteristics of desert 
lands. It is far more largely the result of wind-action than of water- 
action. Its marvellous aspect is the great rapidity with which it takes 
form. It is, in reality, one of the subordinate expressions of regional 
eolation. 


RELATION OF THE APEX OF SOLAR MOTION TO PROPER MOTION 
AND ON THE CAUSE OF THE DIFFERENCES OF ITS 
POSITION FROM RADIAL VELOCITIES AND 
PROPER MOTIONS 


By C. D. Perrine 


OBSERVATORIO NACIONAL ARGENTINO, CORDOBA 
Communicated by E. B. Frost, November 27, 1916 


Continuing the investigation of the apparent dependence of the - 
position of the solar apex upon proper motion as derived from radial 
velocities,! apices have now been derived from the proper motions 
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of the same stars which confirm the conclusions from the radial veloci- 
ties. Solutions were made also from Adams’ Mount Wilson list of 
500 radial velocities? which show the same dependence. This list, 
however, contains no stars south of —26°. 

The results from both sets of data are given in table I. 


TABLE I 
Ba ee RADIAL VELOCITIES PROPER MOTION P.M—R. V. 
Moe A D No. stars A D AD 
degrees degrees degrees degrees degrees 

2.9 and brighter. All 

spectral classes..........] 258.0 +41.5 110 258.8 +24.6 | -—16.9 
Dol. 276.0 +29.6 193 272.8 +32.4 + 2.8 
A. F,G 

WaEGer ene aes cei. 268.1 + 8.6 141 261.3 +22.1 (° +13.5 

Ohh 00) 269.0 + 7.0 81 238.5 +50.8 +43.8 

SMR a science el LOST +35.0 244 263.5 +47.4 +12.4 
K 

Loma, he ar PB8a7 | 1828 85 DSS OMe VA Sh Oa = 5.8 

Miedium../............ T5042) iris al 85 58) 52 |e 42.9 2728 

Small 260.400 368k 220 DiGa1\" 2-69 2yln 32.4 
Jy (SS ee a 20901 +24.0 260.7 +37.8 +13.8 
Adams’ 500 R. V. 

» ahaa ik OI ae ee eee 276.9 + 3.1 47 279.2 +38.4 +35.3 

WhediumMr ese es 2 244.2 +41.6 32 249.6 +50.3 + 8.7 

Simmer vote) 272.0 +31.6 349 266.4 +67.7 +36.1 


These results also show systematic differences between the positions 
of the apex of the kind noted by Campbell? between his apex from 1193 
radial velocities and that of Lewis Boss from 4686 proper motions. 
These discordances are chiefly in declination and are given below accord- 
ing to spectral class in the sense P.M.—R.V. 


SPECTRAL CLASS AD SPECTRAL CLASS AD 
degrees degrees 
B + 5.3 G +22.1 
A +13.0 K +14.7 
F +17.6 M + 7.1 


There is some indication that the discordance is greater for the later 
spectral types, at least among the stars with small proper motion in 
right ascension, and possibly also some relation to magnitude and size 
of proper motion. 

Asymmetry in the proper motions of the B stars and other peculiari- 
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ties prompted the making of separate solutions from northern and 
southern stars, the results of which are given in Table II. 


TABLE II 
PROPER MoTIONS 


SPECTRAL CLASS 
Mo 


=i (all +-)| (all —) (all +) (all +)| (all —) 
2.9 and brighter 


All classes. ....|260°0/26°0)+27.3)155.3} 77.1/255°4) 21°6 |+ 26.6/101.8] 41.6] + 4°4 


Bed one vsnan 281.5|46.4)/— 3.3] 16.3} 17.4/269.4) 26.2 |+ 0.4} 34.5] 17.0) +20.2 
anne: 

Varge 8 oo 258 .0/35.6|-+48.0/228 0/167 .0/263.7| 11.2 |+ 39.0/356.0] 71.0] +24.4 

Medium..... ./256.3/36.8/+ 6.3] 25.8) 19.9]227.9](56.6)|+ 29.8} 32.9) 67.3] (—19.8) 

Smalls: 262.2/59.4)+ 2.4) 17.2} 29.4|264.5) 40.1 |+ 3.2] 33.6} 28.5} +19.3 
K 

Wargey cic 255.4/17.9}+46.0/178.0} 59.0/256.9) 3.9 |+ 31.0]/131.0} 9.0) +14.0 

Medium... . .|269.8/46.4/+ 0.2} 58.9] .61.8)245.5} 35.9 |+ 14.6} 31.9) 25.4) +10.5 

Smalls. sete 267.6172.4|++ 0.5| 12.2| 38.81282 21-6652 |— ~3.2) 14,7348) eee 
Mean. fos: 42.6 32.7 + 9.6 
Omitting ( ).... 29.3 +13.8 
Adams’500 R.V. 

angeritcon. 279 .8|}33 .6|—56.0/323.0)218.0/275.8) 35.9 |— 63.0/626.0/455.0} — 2.3 

Medium..... .|281.9/35.4;/— 8.1] 38.2) 27.7|202.8] 18.7 |+115.2) 48.5) 42.2} +16.7 

Small......../279.4|70.7;— 1.2) 7.2} 20.9/230.9) 50.9 |+ 6.0) 7.4] 11.7) +19.8 
a Obs. 0”.06 


and over.....|253.7/47.9|+97 0/332 .0/383.0/258.0) 24.9 |+186.0/871.0/414.0} +23.0 


These results disclose, if we omit one abnormal southern D, quite 
consistent differences similar to those between the results from radial 
velocity and proper motion for all portions of the sky. From these 
1194 stars of the spectral classes B, A, F, G and K, the average of the 
apices from the proper motions of the southern stars agrees closely with 
the apices from the radial velocities of the same stars, but there is a 
difference of over 20° for the northern stars, as follows: 


D 
NORTHERN SOUTHERN 
degrees degrees 
PIOPEL MOONS ei shia ec decne Tes eacn ee ere Te daa ee emit +43 +29 


Radial velocities iter eee eae ETON ee RUNES LUE ma ts +21 -+26 


PM REV ee OUR IML eter NCCP Uy Madat ey AT EIS tat SEER fr +22 + 3 
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An examination of the rectangular codrdinates resulting from the 
solutions (Table II) shows that nine out of the entire twelve values of 
Y and all of the values from the small u,, are smaller for the northern 
than for the southern stars, indicating smaller average parallactic dis- 
placement for the northern than for the southern stars. 

Taking the stars of type B as the best marked example, if we use the 
value of Y derived from the southern stars to determine D for the northern 
stars, we obtain essentially the same D for both northern and southern 
stars, a value which agrees well with that obtained from the radial 
velocities of the same stars and with that from the radial velocities of 
all of the spectral classes. This will be true in principle also for the 
other cases, but appears to be complicated in the later types by other 
factors. 

Summary.— |. The position of the apex of solar motion depends upon 
the proper motions in right ascension of the stars used. The differ- 
ences appear to be greatest in declination, the stars of large proper 
motion yielding apices south of those from stars with small proper motion. 
This effect is shown in the results both from proper motions and radial 
velocities. . 

2. The differences in D of the apices of solar motion as derived by 
other investigators from radial velocities and from proper motions 
are consistent and they appear in general to be greater for the stars of 
late than for those of early type. This discordance appears to arise 
chiefly from the proper motions of the northern stars and to be satis- 
factorily explained by the assumption that the parallactic displacement 
of the stars is systematically less in the northern sky. 

The details of this investigation have been sent to the Astrophysical 
Journal. 


1These PROCEEDINGS, 2, 1916, (376-378); Astroph. J., Chicago, Ill., 44, 1916, (103- 
116). 

2 Contrib. Mount Wilson Solar Obs., No. 105. 

3 Berkeley, Lick Obs., Univ. Cal., Bull., No. 196, p. 128. 


HYDROLOGY OF THE ISTHMUS OF PANAMA 
By Brig. Gen. Henry L. Abbot 


UNITED STATES ARMY, RETIRED 
Read before the Academy, November 13, 1916 


The Panama Canal being now opened to traffic, there remains for 
‘study only one important hydraulic problem—the sufficiency of the 
available water supply to meet the needs for lockage, for mechanical 
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power to operate the canal and railroad, and for the electric lighting 
of the Canal Zone. It should not be forgotten, however, that if a 
larger volume of water be desirable for these and other uses, the plan 
proposed by the New French Company to supplement the volume of 
its smaller projected lake is still available; namely, the construction 
of a masonry dam near Alhajuela, where a good site exists for creating 
an upper lake to hold back the surplus water which during the rainy 
months now runs’to waste through the spillway. | 

The Canal Zone lies between the ninth and tenth degrees of north 
latitude in a region of exceptional rainfall; where the sun, closely fol- 
lowed by rain clouds raised from the oceans in his annual journey be- 
tween the tropics, exerts a controlling influence upon the volume of 
local rainfall. When near his southern limit, in January, February, 
March and April, precipitation upon the Isthmus is at its minimum; 
December and May are usually intermediate in volume; in the remain- 
ing six months, when near his northern limit, heavy downpours are the 
rule. Furthermore, the local annual rainfall is not uniform across the 
Isthmus. As one passes from the Atlantic to the Pacific coast, the 
volume falls off gradually from about 130 inches at Colon to about 70 
inches at Panama. It will be noticed that even the latter is more than 
double the usual downfall in the United States, a fortunate circumstance 
for our great artery of commerce. Another local advantage is the fact 
that the atmosphere of the Isthmus is nearly saturated with aqueous 
vapor, which largely reduces the losses by lake evaporation. Our 
hydraulic problem seems therefore to be specially concerned with 
Isthmian rainfall and outflow, and the relation between them. 

To determine accurately the average annual rainfall at any locality, 
the records should cover at least half a century. Although the Isthmus 
has been known to civilization for more than four hundred years, the 
first annual rainfall records date from 1863, when they were begun by 
the agents of the Panama Railroad Company. As to the outflow from 
the watershed, the records are even less complete. The volume re- 
ceived from the clouds, after reduction by evaporation, by plant growth, 
and by possible infiltration, represents the available flow at the dam 
site. To determine to what extent existing data throw light upon this 
quantity, has seemed to me to be of primary interest. 

The earlier records are given in a paper published in the Monthly 
Weather Review in May, 1899; they include those of the Railroad com- 
pany, and those at that date collected by the two French Companies 
and the Liquidation. A gap of a few years in the former is supplied 
by a paper by Mr. A. P. Davis, published in the Twenty-second Annual 
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Report of the United States Geological Survey for 1900-1901. These 
data are supplemented and discussed by the writer in papers published 
in the Monthly Weather Review of February, 1904, and of June, 1908, 
together with some later data collected by the American engineers. In 
March, 1913, Mr. Caleb M. Saville contributed a valuable paper upon 
the Hydrology of the Canal to the Transactions of the American Society 
of Civil Engineers, bringing the records up to 1910. The Annual 
Reports of the Isthmian Canal Commission, of course, cover the Ameri- 
can operations. The first point for consideration is, how these data 
can best be grouped for study? 

The narrow limits to which the earlier observations were restricted 
suggest that the basin of the Chagres River above Bohio should be 
adopted until Gatun Lake began to fill early in 1910. Its area has been 
accurately determined by recent surveys to be 779 square miles. The 
early rain records were mostly restricted to Colon and Gamboa. For- 
tunately, Colon is situated near the Atlantic Coast line where the rain- 
fall is largest, and Gamboa well represents the Pacific limit of the water- 
shed. A careful analysis of the more ample records of recent years 
(1898-1907) has shown that the average rainfall in the basin above 
Bohio is about 89% of that at Colon, 124% of that at Gamboa, and 
52% of the aggregate of the two stations. To avoid a change in the 
standard, these ratios have been used throughout the following table 
to estimate the annual rainfall in the basin; and where a few dry months 
are missing in the early railroad records the vacancies have been sup- 
plied by the mean values of the missing months. 

The Chagres River is a torrential stream, and the first French Com- 
pany early established a fluviograph at Gamboa to register continuously 
the heights of the water. This record has been carefully kept since 
1883; until the rise of the lake in 1910 began to affect the local water 
level. At the times of freshets the oscillations are so sudden that their 
number and duration are readily noted, and they furnish valuable 
checks upon the discharge estimates. For this study they are assumed 
to begin and end at a stage 10 feet above low water, which is rarely 
exceeded. 

Accurate measurements of discharge were inaugurated by the Liquida- 
tion and the New French Company, the continuous record dating from 
1890. The annual outflow is given in the tables under the forms of 
cubic feet per second and depth in inches upon the watershed; the 
latter to permit a direct comparison with the rainfall. Years of great 
floods are also indicated, with the same object in view. 

The first table is intended to present, for the basin above Bohio, all 
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available hydraulic data prior to the date when Gatun Lake began to 
fill, with some later figures added for comparison with those of the second 
table, which includes the entire watershed above Lake Gatun during 
the filling of the lake. In future studies this latter basin will doubtless 
be adopted, as the net outflow is easily determined and rainfall measure- 

ments are now made at many stations. For the second table I first! 
- adopted the mean of the rainfall records at nine stations—Colon, Gatun, 
Trinidad, Camacho, Empire, Culebra, Gamboa, Alhajuela and El 
Vigia—as well representing the average volume falling upon the lake 
watershed near the Canal Zone. Seven new stations then unknown 
to me had been added, and the figures now given are taken from the 
noteworthy paper by Mr. Willson in the Transactions of the Inter- 
national Engineering Congress at San Francisco. 


HyDROLOGY OF THE WATERSHED ABOVE BoHIo; 779 SQUARE MILES 


PRECIPITATION |{N THE BASIN ABOVE BOHIO|GAMBOA FRESHETS 


YEAR Outflow Dura- AUTHORITY 


Polen Cambor Racial Annual tion 
tec alee are eee Ft.-sec. | Inches Hours 

1863 | 134.3 120 Panama Railroad Records 

1864 | 123.4 110 

1865 | 107.4 96 

1866 | 129.7 115 

1867 | 120.8 108 

1868 | 120.0 107 

1869 | 114.8 102 

1870 | 149.6 133 

1871 | 99.6 81 

1872 | 168.5 150 

1873 | 87.1 78 

1874 | 137.7 123 

1875 | 94.7 84 

1876 | 124.5 111 

[Siz wet 5.5 103 

1878 | 86.7 77 
*1879 | 164.2 130 

1880 | 136.4 121 

1881 | 102.3} 89.5} 100 de Lesseps French Cie 

1882 | 124.1] 79.6} 106 

1883 | 115.3] 76.6} 100 21 201 

1884 | 86.5} 95.9} 95 25 334 
#1885 | 146.3} 97.5) 127 Sih 437 

1886 | 137.2} 102.9} 125 43 437 

1887 | 154.9} 136.2} 151 46 709 
*1888 102.6} 127 29 596 


* Great flood of the Chagres River. 
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HypDROLOGY OF THE WATERSHED ABOVE BoHIo; 779 SQUARE MILES—continued 


YEAR 


107.7 


PRECIPITATION |IN THE BASIN ABOVE BOHIO|GAMBOA FRESHETS 


Outflow 


Colon |Gamboa|Rainfall 


Inches |Inches 


154.3) 105.0 
UAT 77.7 
145.3) 104.4 
131.9) 117.8 
153.7} 90.6 
do 5 

#31. 5 

138.0} 107.8 
H15,5) 82:6 
133.0} 80.0 
116.1} 78.7 
91.6 
97.7 
99.3 
84.5 
82.2 
97.8 


11250 
126.3 
126.9 
115.4 
138.1 
£256) 78.1 
IC Eath | i ees) 
183.4) 122.1 
150.0} 116.0 
112.8} 70.6 
117.6} 89.1 
$31 2\) 86.3 
132.7| 77.4 


Inches 


Ft.-sec. | Inches 

6,304 | 110.0 
4,476| 78.1 
6,513 | 113.6 
7,081 | 123.3 
6,098 | 106.4 
4,482] 78.2 
4,216] 73.5 
4,830] 94.2 
3,944] 68.8 
3,384| 59.0 
3,509 | 61.2 
3,855 | 67.2 
4179] 72.9 
3,958 | 69.0 
4110} 71.7 
2,800] 48.8 
4,169| 72.7 
S509! i O207 
3730) |) .65e4 
7,335 | 128.0 
6,340} 110.6 


* Great flood of the Chagres River. 


Annual 
N 


Dura- 
tion 
Hours 


AUTHORITY 


Collapse. 


Liquidation. 


The New French Cie 


U. S. in charge. 


® 


Lake began to fill 


HYDROLOGY OF THE WATERSHED ABOVE LAKE GuTUN; 1,320 SQUARE MILES 


LAKE ABOVE 


Rainfall inches 


IN THE LAKE WATERSHED 


Foot-seconds 


Net outflow 


Inches 


LAKE EVAPORA- 
TION. 
FOOT-SECONDS 


eS ee Eee 


YEAR MEAN SEA LEVEL 
FEET 
*1909 3.63 
1910 13.07 
1911 USB 1S) 
1912 31.24 
1913 57.87 
1914 85.26 
1915 86.17 


* Great flood of the Chagres River. 


10,704 
11,938 
5,710 
4,985 
5,272 
5,118 
7,106 
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An inspection of these tables shows a satisfactory correspondence 
between the observed annual rainfall and the outflow and river oscil- 
lations as indicated by the number and duration of the freshets. There 
is, furthermore, a suggestion of a tendency to a progressive annual 
change between years of maxima and minima in these quantities, 
which is worthy of notice. If future records confirm this suggestion, 
it will be needful to study the reason for it, as is now the case with solar 
spots, aurora borealis, and other natural phenomena. As to the second 
table, it must not be forgotten that it covers a period when the area of 
the lake was gradually increasing, causing a variable loss due to evap- 
oration. The values given for it for the last three years are taken from 
the official reports, and are based probably on direct measurements. 

The tropical conditions of the Canal Zone are so different from those 
in the Continental United States that it is interesting to compare them. 
This may be done from Rafter’s tables, in his valuable paper published 
as the Water-Supply and Irrigation Paper, No. 80, of the Geological 
Survey. It is done in the following table. 


AVERAGE RAINFALL, RUN-OFF, AND DIFFERENCE 


LOSSES 


AREA RAIN 
bet apcctares Re YEARS. deen By Outflow By Evap. Etc. 
Inches |Per cent} Inches |Per cent 
Miuskingum Riven’... 0: cao lee enOe 8 39.7| 13.1 | °33-" | 2656) 2 tom 
Genessee, Rivera. 5 saint oot 6 oe 1,070 9 40.3) 14.2 |. 35 | 26.ae i 365 
(Croton Rivet..s i.) deen ce oe ele 339 23 49.4) 22.8 | 46 | 26.6| 54 
Wake @ochituate: snout ee arnee 19 38 47.1) 20.3-}-' 43. «| 26: 8aheesy 
Sudbunye Riven: see es epee 78 26 46.1) 22.6 | 49° | 23e5cad 
WMiysticv Makes) tacos «cetera eee 27 18 44.1) 20.0 | 45 | 22° s5 
Neshaminy @reekser aay see ae 139 16 47 .61-23.1 |\.49 | ZENS hose 
irendomen Creeks. iseu ae ee 152 16 48.0) 23.6 | 50 | 24.4]; 50 
‘honickon: Creel )(s3. 3% 85 ak ee 102 15 50:1) 28.4) > Sia | aia seas 
Madson RAVveb. us seta ck Aca a OU 14 AA 2} 23.3) 93) | ZOO al aa 
Pequannock (Rivele.ss jas 9.4) eee 64 9 46.8} 26.8 | 57 | 20.0] 43 
ConnecticutoRiveriit. 0.62 Gees 10,234 8 43.0) 22.0} 51 21.0} 49 
@hasresuRiverencegs elias woe 779 21 118.1) 82.1 | -69 | 36.0} 331 
Gatun ake Basin. s725 2.2: 1,320 6 | 119° 4)-7520 | -63) 28 Sule 


An inspection of the last four columns will show how much more 
favorable to the operation of a canal are the hydraulic conditions pre- 
vailing upon the Isthmus than those existing near the Atlantic Coast 
of the United States. Considerably more than double the volume of 
rainfall is available, and the losses from evaporation, plant growth, 
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and percolation are represented by only about 30% as against 50% 
of that volume. As stated above, it remains to be determined by the 
observations of many future years whether there is a tendency to a 
normal variation in annual rainfall upon the Isthmus, as seems to be 
suggested by the figures already of record. 


1In a paper which appeared in Professional Memoirs, Corps of Engineers, U.S.A., for 
November-December, 1915. 


THE METEOR SYSTEM OF PONS-WINNECKE’S COMET 
| By Charles P. Olivier 


LEANDER McCORMICK OBSERVATORY, UNIVERSITY OF VIRGINIA 
Communicated by E. W. Morley and read before the Academy, November 14, 1916 


The National Academy of Sciences, by two grants from the J. Law- 
rence Smith Fund, having been the means of greatly extending the mem- 
bership and work of the American Meteor Society, it seems well to report 
to the Academy the most interesting single result of the work so far 
obtained. 

Late in May and early in June of this year two of our observers, 
Mr. John Koep and Mr. Philip Trudelle, both of Chippewa Falls, Wis., 
sent in a series of observations which showed that meteors were at least 
three times as numerous as is usual for the time of the year mentioned. 
This attracted immediate attention and the observations were worked 
up without delay. The orbits, which corresponded to the positions 
found for the radiants, were then computed. As several of the orbits 
turned out to have the same elements, a search was next made to see 
if any of the known comets had a similar orbit. 

At once it was seen that Pons-Winnecke’s Comet fulfilled the condi- 
tions excellently and there was no doubt that the meteors and the comet 
had a common origin, anid that another case of the connection between 
a meteor stream and a comet had been found. 

The first orbits for the meteors had been computed on the usual 
assumption that they moved with a parabolic velocity, but there were 
obvious reasons to show that this was only a first approximation. 
The orbits were then all computed as elliptical, assuming their major 
axes equal to that of the comet. This set made a far better agreement 
with the elements of the comet’s orbit and put the connection beyond 
question. 

Before speaking further about the meteors themselves, it will be of 
interest to review briefly the history of this rather remarkable comet. 
Discovered by Pons in 1819, no further observations were obtained until 
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ELLIPTICAL ELEMENTS PARABOLIC ELEMENTS 


No. Loga|Loge| Logq]| i P N_ |/No. Date RA |Decl.| i | Logq Pp N 


0.514/9.857|9 962/16. 7/280. 1/60. 7 May |21.6 |224.5/25.2/20.2|9.954)279.7|60.7 
0.514/9 .865/9 .948)18 . 6/287 .6)65.5 26. 68|230 3/27 .4|22 .4/9.958/283 . 4165.5 
0.514/9..854/9.970)17 .6|282 .6|66. 1 27 .25|231 .0/27 .5|22 .5|9.958/284.2/66.1 
0.514)/9.856/9.964/19 .0/286.2/66.5 
0.514/9.855/9.996)19 . 1/285 .6}68 .0 
0.514/9.852|9.974/17 .6|287 .6|73 .2 
0.514/9.855]9.967/18 2/291 .6|74.2 
8 |0.514/9.83910.005]17. 1/268 .3}96.9 


29.2 |232.7/28 .0|22 .9|9 960/284 9/68 .0 
June | 3.7 |234.4)27.5|22.2/9.965|288 .4|73 .2 


TA NP WH 
COND UP WD 


Comet |0.514/9.846/9 988/18 . 3/271 .6|99 .3 


1858 when it was rediscovered and named after Winnecke. Since then 
it has-been seen in 1869, 1875, 1886, 1892, 1898, 1909, and 1915. While 
it has never been a bright comet, at its last return—a rather unfavor- 
able one it is true—it never surpassed the twelfth magnitude in bright- 
ness and was more than a unit’s distance from the earth. The comet 
belongs to Jupiter’s family and at present has a major axis of about 6.52 
astronomical units and a period of 5.89 years. 

Since at certain epochs it has passed very near Jupiter, the most 
massive of the planets, the elements of its orbit have been changed in a 
most marked manner due to perturbations caused by that body. Briefly 
from 1858 to 1909 its longitude of perihelion has changed from 276° 
to 272°, its ascending node from 114° to 99°, the eccentricity of its orbit 
from 0.76 to 0.70, and finally its perihelion distance from 0.70 to 0.97 
astronomical unit.. This last change is the one of greatest importance 
for the present discussion, because it made possible the intersection 
of the earth’s orbit with those of the meteors connected with the 
comet. 

It will be seen that this element was slowly increasing during this 
interval of 51 years, and hence, if the progression continued in the 
same direction, in the seven years since 1909 it should have reached the 
value unity almost exactly, which means that the nodal point was in- 
deed very near to the earth when the latter passed by it, late in June. 
While the inclination of the comet’s orbit has increased from 11° in 
1858 to 18° in 1909, still the extreme distances between the earth and 
the comet’s 1909 orbit was only about 14,000,000 miles on May 25, 
and this decreased to 2,000,000 on June 28. Even this first figure is 
not excessive, because we already have positive proof that members 
of the Perseid and Aquarid streams have been observed at about that 
distance from the orbit of the parent comet. 
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The longitudes of the nodes differ considerably. ‘This is due to the 
fact that this element of a meteor’s orbit depends merely upon the 
position of the earth in its orbit, and when the agreement of the other 
elements is satisfactory, considerable differences in the node mean little. 
It will be seen that the other elements agree very well indeed, remember- 
ing the limit of accuracy possible in work on meteors, which is never 
comparable in this regard to results obtained with the telescope. 

The data on which final conclusions were based are rather extensive. 
For America we had about 1100 observations reported by five of our 
members during the interval these meteors were seen, and three English 
observers also published results about the time of maximum, which 
are available. Eight orbits were calculated from this material, a num- 
ber quite sufficient to illustrate the general agreement and order of 
accuracy of the work. Several others have since been computed. Of 
course in the final discussion all the data will be included and published 
in full detail. 

While the working up of the American observations and the con- 
clusions drawn from them are of course my own, yet I desire to make 
full acknowledgment to Messrs. Koep and Trudelle, through whose 
enthusiastic and excellent observing my part was made possible. Their 
work is of a high order, and it may be said that in 1916, from January 
to September, Mr. Koep sent in about 1800 observations and Mr. 
Trudelle about 1330. 

It is only just to say that Mr. W. F. Denning of Bristol, England, 
observed these meteors and later published his observations, saying 
that the meteors moved in orbits somewhat similar to that of Pons- 
Winnecke’s comet and they might possibly be connected. He gave 
no elements nor did he state on what sort of investigations his inference 
was based. 

However, he published this before I sent my results to Harvard 
College Observatory, for publication in one of its Bulletins, but the 
journal containing Mr. Denning’s results had not then arrived from 
England and I was ignorant of his conclusions. 

Finally the members of the National Academy of Sciences will be 
interested to learn that since the first grant from the J. Lawrence Smith 
Fund became available last year no less than 5000 observations of me- 
teors made by members of the American Meteor Society were sent 
in during 1915, and 7500 more were received up to October 1 of this 
year. 
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IMPROVEMENTS IN CALORIMETRIC COMBUSTION, AND THE HEAT 
OF COMBUSTION OF TOLUENE 


By Theodore W. Richards and Harold S. Davis 


WOLCOTT GIBBS MEMORIAL LABORATORY, HARVARD UNIVERSITY 
Read before the Academy, November 14, 1916 


The object of this investigation, which is part of a much larger 
program, was to secure further more precise knowledge of the heat of 
combustion of typical compourids of carbon, and further development 
of the methods of determination.1 The work herein described followed 
directly after that detailed in the recent communication published with 
Dr. Frederick Barry; and the methods and apparatus resembled in 
most respects those already explained. Having profited by the experi- 
ence of the earlier work, we were able to improve upon some of its 
details. Especial emphasis will be laid upon the improvements. 

The method consisted in the successive combustion of toluene and 

a standard substance in the Berthelot bomb as modified by Atwater 
and Benedict, in oxygen under about 22 atmospheres pressure. The 
rise of temperature of the colorimeter containing the bomb was paral- 
leled in the environment, so that no correction for cooling was needed. 
That this adiabatic method is capable of giving excellent relative re- 
sults is shown by the series of investigation conducted at Harvard 
University; its absolute accuracy is proved by the recent careful work 
of the Bureau of Standards by H. C. Dickinson and his assistants.? 
The general assemblage of apparatus is adequately described and de- 
picted in the most recent of the preceding papers, and the reader is 
referred to these as regards minutiae. 

The details in which improvements were instituted were as follows: 
the mode of sealing the bomb, the mode of providing for the well regu- 
lated and complete combustion of the volatile substance; the mode of 
ignition; the automatic control of the temperature of the environment 
by a special ‘synthermal regulator;’? and the analysis of the residual 
gases for traces of unburned carbon monoxide. These several topics 
are discussed in order below, and finally the results for naphthalene 
and toluene are given. Other substances also were burned, but the 
details concerning these will be reserved for another communica- 
tion. 

The closing of the bomb.—The bomb was sealed by a washer of lead, 
sunk in a suitable circular slot and covered by a continuous round plate 
of gold foil (0.4 or 0.5 mm. thick) which protected the whole inside of 
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the cover of the bomb. ‘The foil was soft enough to conform per- 
fectly to the double rim of the lower part of the bomb, without break- 


ing; the lead was soft enough to 
secure complete closure, and the 
gold wholly protected the lead. 
If the gold foil is pressed closely 
against the steel top of the bomb, 
there is little danger of its melt- 
ing and if an accident hap- 
pens, the foil is readily replaced. 
Accordingly, this method was 
uniformly used in the present 
research. 

The detrimental effect of fric- 
tion of the steel screw-cap 
against the movable steel cover 
was greatly diminished by the 
use of a thin, smooth, flat ring 
of phosphor-bronze . between 
these two parts. Thus rupture 
of the platinum lining was 
avoided, and the closure greatly 
facilitated. 

The insulation of the wire for 
conveying the current necessary 
for the ignition was improved by 
making the conical piece (passing 
through the cover) of steel, not 
platinum, and insulating this 
from the cover by a thin layer of 
mica. <A stout thread and nut, 
likewise insulated, on the outside, 
permits forcing the strong steel 
cone so firmly into place that 
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FIG. 1. NEW FEATURES IN CALORIMETRIC 
BOMB 

DE, steel conical plug; F, steel nut holding 
plug in place; G, mica insulation; H, platinum 
nut protecting mica and clamping J. J, plati- 
num rod for filing connection; H, gold lining to 
cover protecting lead washer V; L, phosphor- 
bronze ring to prevent friction of screw-cap Q 
on steel lid 7. 


the arrangement is wholly gas-tight. Into the base of this cone a 
thread is tapped for the stout platinum wire used to conduct the 
current, and the iron is protected by a wide platinum nut, which is in- 


sulated from the cover by mica. 


Thus the platinum wire is very firmly 


held in place and yet may be easily unscrewed, and the insulation of 
the steel cone remains undisturbed indefinitely. Figure 1 records all 


these improvements. 
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Other precautions concerning the makeup and treatment of the bomb 
were similar to those already described in previous investigations. 

Mode of enclosing and igniting volatile liquids in thin-walled glass 
bulbs:—For enclosing the liquids to be burned, very thin bulbs, hold- 
ing about 1 cc. and weighing about 0.4 g. were blown from a piece of 
ordinary soft glass essentially in the way illustrated in the preceding 
communication. These must be much flattened on both sides to give 
flexibility (necessary on account of the pressure in the bomb), tested 
by pressing with the fingers. The volume of each bulb is easily found 
by immersion, and it is filled essentially in the way previously de- 
scribed. ‘The bulb should not only yield under the pressure, but should 
be thin enough to burst easily. Otherwise the violent explosion might 
lead to incomplete combustion, and to injury to the apparatus. Typi- 
cal very thin bulbs filled with benzene or toluene were found to burst 
with slight explosion at a temperature of about 50° in a water bath— 
a circumstance which may explain the occasional projection out of the 
crucible and incomplete combustion of some of the sugar at first used 
to ignite the liquid. Accordingly, instead of sugar about 0.1 g. of 
paraffin was used for this purpose, melting it upon the inside of the 
mouth of the weighed crucible by a hot glass rod outside of the crucible. 
A weighed fiber (about 0.5 mgm.) of cotton wool was attached to the 
paraffin, while heated for a moment locally by means of the rod applied 
outside of the crucible. A minute coil of very fine platinum wire en- 
veloping the projecting cotton served to ignite it and the paraffin. The 
heat from the burning ring of paraffin ruptured the bulb through the 
expansion of the liquid, and the vapor of the liquid rose into a ring of 
flame at the mouth of the crucible and was completely burned. This 
method is so easy to adjust and is so convenient that it is a distinct im- 
provement over the method formerly used. ‘The result was of course cor- 
rected for the accurately known heat of combustion of the paraffin and 
shred of cotton wool. 

Method of ignition.—Iron wire, heated by an electric current to start 
the combustion, has several disadvantages. The amount of iron burned 
and the stage of its oxidation are uncertain. Moreover, drops of fused 
oxide are sometimes driven against the platinum, and frequently de- 
stroy the crucible or the lining of the bomb. Very fine platinum wire, 
used by Zubow and Roth, is decidedly better. In detail the method 
used by us was as follows: 7-10 cm. of very fine platinum wire were 
wound in a spiral about 1 mm. in diameter, and attached at the ends 
of two supports directly above the crucible. As already stated, within 
the spiral was placed a weighed shred of filter paper or cotton wool, 
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dipping into the substance to be ignited first, whether this was sugar, 
napthalene or paraffin. A current of approximately 0.8 ampere ig- 
nited the cotton wool in about one-fifth of a second. The variations 
in the amount of heat obtained from the current in this time are wholly 
negligible in results like these, where one substance is measured by com- 
parison with another treated 
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served the present purpose 
sufficiently well, although 
not so generally useful as 
the other. 

The general impression 
seems to exist that combus- 
tion within the calorimetric 


Time in secorids 


FIG. 2 
Continuous lines A and B represent temperatures 
in calorimeter as indicated by thermometer in com- 
bustions of two different speeds. 
Broken lines C and D indicate rise of temperature 


in environment as produced by apparatus to be de- 


bomb is explosive and instan- scribed and illustrated in figure 3. 


taneous.5 According to our 

experience, this is by no means the case, especially with solid substances. 
We find that the rate of combustion is very variable, depending partly 
upon the nature of the substance, partly upon the state of aggrega- 
tion, and partly upon the oxygen pressure. Thus benzoic acid or naptha- 
lene in powder, or a volatile liquid cause the temperature of the calori- 
metric system to rise very quickly when they are burned; but if the solids 
are compressed into hard tablets, the temperature rise is slow and 
steady and may require over three minutes for completion. The dif- 
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ference can only be accounted for by differences in the time actually 

required for the burning of the substances in the bomb. This con- 

clusion is entirely in accord with that of Benedict and Fletcher,® based 

upon the measurement of the pressures developed during the com- 
bustion of solid substances. | 

The immediate practical problem was to match this rise in the calorim- 

eter by an equal rise in the environment. 

Since the rise in temperature of the calori- 

metric environment, caused by adding sul- 

phuric acid to the alkaline outside bath, 

is directly proportional to the amount of 

acid added, a device was needed for de- 

livering very little acid at first, then rapid- 

ly increasing the amount, then for some 

time adding acid at a nearly constant rate, 

and finally diminishing the stream until it 

is reduced to nothing, in order to follow 

the carefully ascertained course of the rise 

of temperature of the calorimeter. These 

differences in rate of flow can easily be at- 


Nsw tained by constructing an apparatus for 
7 : 2 : f 
V A delivering acid automatically under differ- 
My’ @ ent pressures. To attain the first part of 
Eg ae ' the curve the level of the acid must run 
uphill; to parallel the straight line during 
FIG. 3 the rapid rise, the liquid must be delivered 


A, stopcock for admitting sul- from a larger reservoir of nearly constant 
ane aie Gee Me. level; to match the last part of the curve, 
stopcock for starting and stopping it must rapidly sink in a fine delivery 
flow of acid into tank; E, regulat- tube. ‘The necessary dimensions of the 
ing stopcock for determining rate .-eral tubes were found by trial, and an 
of flow without altering general i ‘ 

SL ichoriot ieee: apparatus like that shown in figure 3 was 

found to serve the purpose excellently. 
The tube to the right hand had to be long and spiral because its inside 
diameter could not be greater than 4 mm., on account of the small 
capillary constant of concentrated sulphuric acid. 

For each substance with each method one or two preliminary trials 
determined the general inclination of the curve. Previous experiments 
with alterations in the stopcock showed the inclination corresponding 
to each position on its scale. Therefore, for any particular substance, 
when all was ready for the combustion, the stopcock E had simply to 
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be set at the appropriate point, and at the moment of ignition M and NV 
fully opened. The acid was then delivered automatically at a rate suit- 
able for the case in hand. 

Incomplete combustion.—In one of the earlier Harvard investigations 
the gases remaining in the bomb after the combustion of sugar were 
repeatedly analyzed for carbon monoxide or other volatile carbon com- 
pound, and none was found.” Nevertheless, with volatile liquids the 
danger is much greater, as is indicated by the careful work of Auwers, 
Roth and Eisenlohr. The final test is the actual analysis of the result- 
ing gases for combustible carbon compounds, especially carbon monoxide. 
This we have now carried out after many combustions, and can definitely 
report that with volatile liquids the combustion is often somewhat 
incomplete. 

The arrangement of the apparatus was as follows: To the bomb, 
after each calorimetric combustion, was connected a train of tubes, 
as follows: 2 U-tubes filled with concentrated potassium hydroxide 
solution and glass pearls; a Liebig absorption tube containing saturated 
barium hydroxide solution; a drying tube filled with phosphorus pen- 
toxide; a tube of copper oxide heated to a dull red heat by electricity; 
a tube of phosphorus pentoxide, and finally either a Liebig’s potash 
bulb or a spiral filled with a definite quantity of tenth normal barium 
hydroxide, which was afterwards titrated. 

In very many cases considerable quantities of carbon monoxide were 
thus found, often corresponding to errors of several tenths of a per cent 
in combustions carried out by the older methods, which seemed other- 
wise complete. This discovery entirely explains the discrepancy in 
previous results of many experimenters for benzene. Fortunately, it is 
only with volatile liquids of this sort that any important incomplete- 
ness of combustion was found. 

On the other hand, the combustion was found to be fairly complete 
when volatile liquids were burned by the finally approved method of 
enclosing the liquids in very thin bulbs ignited by the ring of paraffin. 

The gases from a combustion of benzene were also tested for oxidiz- 
able carbon compound by bubbling through a weak solution of alkaline 
potassium permanganate, and for ozone by allowing them to inpinge 
on starch-iodide paper. Both of these tests gave negative results. 

Source and preparation of materials.—Napthalene was obtained from 
the Bureau of Standards; it had evidently been prepared by them with 
very great care, gave every evidence of having a high degree of purity, 
and serves admirably for standardizing calorimetric determinations. 
We found it much superior to sugar. 
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Toluene was prepared from commercial pure toluene by shaking with 
successive portions of sulphuric acid until the acid remains colorless. 
Further agitation with mercury until it had ceased to pollute a clean 
mercury surface, washing with water, and many times repeated dis- 
tillation followed. The fraction which came over in the immediate 
neighborhood of 110.31° under normal pressure was retained as pure.® 
Several samples from different sources were employed. 

There follows the record of the last three (and most successful) de- 
terminations of the heat of combustion of napthalene, chosen as a 
standard substance, and of three determinations of the heat of combus- 
tion of toluene, conducted in the thin sealed bulb with a rim of paraffin 
around the top of the containing crucible, as already described. Since 
they were thus all made over about the same range of temperature 
any uncertainty in the calibration of the thermometer largely disappears 
from the result—nevertheless this was carefully calibrated. ‘These 
determinations serve to indicate the consistency attainable by use of 
the precautions just described. 


Napthalene 
WEIGHT OF 4 A 
voor] wmom | common von | Sora | {| oe 
i rn nnn in ra ree 
5 1.1537 0.008 0.0220 16.008 20.202 3.616 
6 1.1002 0.0095 0.0260 16.036 20.043 3.618 
cf 1.1023 0.008 0.0222 16.046 20.059 3.615 
Average so Pio ie) en ERE RN eles Rid tee le De ey aie 3.616 
Toluene. 
CORR. RISE 
pela oa ear IGNITION MATERIAL] CORRECTION Os i i ee 
1 GRAM. 
degrees degrees degrees degrees 
6 0.9154 Paraffin 0.4256 None 15.961 19.885 3.822 
0.0982 
Cotton 
0.0036 
7 0.9986 Paraffin 0.4143 2.0:ce; 15/553 19.782 3.820 
0.0953 
Cotton 
0.003 
8 1.0566 Paraffin 0.3348 1% ce. 15.987 20.357 3.022 
0.0747 
Cotton 
0.0079 
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Thus 1.0000 g. of napthalene in burning was capable of raising our 
calorimetric system by 3.616° and 1.0000 g. of toluene 3.821°, (or 1.0567 
times as much as the same weight of napthalene) both substances hav- 
ing been weighed in air. According to the careful absolute determina- 
tion of the Bureau of Standards 1 g. of naphtalene thus weighed evolves 
9622 calories (20°) on burning. Hence 1 g. of toluene must evolve 10,168 
calories, the toluene being weighed in air. Corrected to vacuum and 
to 18° this would become 10,158, a value only slightly less than that 
(10,166) found by Richards and Barry. A part at least of the differ- 
ence may be due to the different standard of reference used in this 
case (napthalene instead of sugar). Evidently, the combustiops in 
the earlier Harvard research must have been essentially complete, for 
such difference as exists is in the direction opposite from that which 
would have been caused by incompleteness of combustion. 

Both results are much higher than that found by Roth and Auwers,!° 
who apparently did not test the residual gases for carbon monoxide 
after combustion, and found the gram of toluene to give only 1.0529 
times as much heat of combustion as a gram of napthalene, instead of 
1.0567. It is not impossible that either all our toluene contained a slight 
aliphatic impurity" (a rather unlikely contingency because we obtained 
samples from various sources) or theirs contained traces of some other 
contamination,—since it is so very difficult to purify completely a com- 
pound of carbon, even by countless distillations, from substances with 
nearly the same boiling point. 

Many other determinations of a variety of organic substances have 
been made here with the help of these improved methods and the mat- 
ter will be pursued further, with especial reference to purity of materials. 
The results will be communicated in the near future in a publication 
of the Carnegie Institution of Washington, to which we are much in- 
debted for generous assistance in this work. 

Summary.—tIn this paper there are described improvements in various 
details of the procedure of calorimetric combustion, to wit: means of 
effectively closing the bomb with less risk of injury to the platinum lining 
and cover; means of burning volatile liquids without loss; a method of 
automatically controlling the temperature of the environment about 
the calorimeter so as to make the calorimetric operation more conven- 
ient and more truly adiabatic; and means of evaluating the incomplete- 
ness of combustion, if any volatile carbon compounds should remain 
unburned. New determinations of the heat of combustion of toluene 
are recorded, giving the value 10,155 calories (18°) per gram (weighed 
in vacuo). This is but a preliminary publication. 
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THE MASS OF THE ELECTRIC CARRIER IN COPPER, SILVER AND 
ALUMINIUM 


By Richard C. Tolman and T. Dale Stewart 


Communicated by R. A. Millikan, November 28, 1916 


In a previous article [Physic. Rev., 8, 97 (1916), these PRocEED- 
INGS 2, 189 (1916) ] we have described some experiments in which a coil 
of copper wire was rotated about its axis at a high speed and then 
suddenly brought to rest, the ends of the coil being connected with.a 
sensitive ballistic galvanometer which permitted a measurement of 
the pulse of current which was produced at the instant of stopping by 
the tendency of the electrons to continue in motion. 

We have continued these experiments making use of three new wind- 
ings of copper wire, and using two different windings each of silver 
and aluminium wire. ‘These further experiments were made, not 
only because it seems desirable to subject so new a phenomenon to a 
more rigid test, but because it is also desirable to see if the mass of the 
carrier of electricity is the same in all different metals and how 1rauch 
it differs, if at all, from the mass of the electron in free space. . 

We now have a record of the results of 624 individual runs made on 
a number of different coils, using three kinds of wire, two different sizes, 
and two different kinds of insulating binder to hold the coils in place. 
The runs were made with various total resistances in the circuit, with 
various lengths of wire, and at various velocities, rotating sometimes 
in one direction and sometimes in the other. Not only was the pulse 
of electricity every time in the direction which would be predicted on 
the basis of a mobile negative electron as the carrier of electricity, 
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but the experiments have led to concordant results for the mass of this 
carrier. In free space the mass of the electron may be taken as 1/1845 
times that of the hydrogen atom, while we have found for the carrier 
in copper 1/1660, in aluminium 1/1590, and in silver 1/1540. We 
hope to construct a new apparatus which will increase the accuracy 
of measurement enough so that we can make certain whether the mass 
of the carrier is really larger in metals than in free space. 

A more complete account of these experiments has been accepted by 
the Physical Review for publication. 


THE SILVER VOLTAMETER AS AN INTERNATIONAL STANDARD 
FOR THE MEASUREMENT OF ELECTRIC CURRENT 


By E. B. Rosa and G. W. Vinal 


U. S. BUREAU OF STANDARDS, WASHINGTON, D. C. 
Read before the Academy, November 14, 1916 


The International Electrical Conference which met in London in 
1908 adopted the ampere as the second fundamental electrical unit, 
the ohm being the first, and defined the international ampere in terms 
of the electrolytic deposit of silver in the silver voltameter. At the 
time of this conference it was the opinion of the delegates from this 
country that the volt should have been chosen in place of the ampere, 
because the standard cell was more reproducible than the silver volta- 
meter and was the means then as now actually employed (in conjunction 
with the ohm) for measuring the ampere by the drop in potential method. 
The decision of the conference was, however, accepted as final, and re- 
searches were undertaken in several different countries, and particularly 
in this country, with the aim of making the voltameter worthy to bear 
the responsibility imposed upon it by the London Conference. The 
purpose of this paper is to give briefly the most important results that 
have been obtained and to show the remarkable agreement of the meas- 
urements recently made in the national laboratoriesof several different 
countries of the electromotive force of a Weston normal cell, in terms 
of the international volt as officially defined. This agreement is due 
to the fact that great advances have been made in our knowledge of 
the silver voltameter in recent years; and although no adequate speci- 
fications have been formally adopted, the methods followed by recent 
investigatcrs have agreed in essential particulars, although differing 
in details. 

No concrete standard for the ampere, corresponding to the column 
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of mercury for the ohm cr the standard cell for the volt, is possible. 
The value cf an electric current may, however, be conveniently expressed 
for the purposes of precise measurement in two ways. Either the sil- 
ver voltameter mav be used to calibrate an ampere balance as was done 
by the British Board of Trade, or the veltage of the Weston normal cell 
may be determined when a measured current passes through a known 
resistance. The latter method was adopted by the London Conference, 
but at that time information was lacking as to the proper value to assign 
to this cell, which was adopted by the conference in place of the Clark 
cell 

In 1910 a committee consisting of representatives of the National 
Laboratories of England, France, Germany, and the United States met 
in Washington and made careful voltameter measurements to determine 
the voltage of the Weston normal cell, in the manner agreed upon at 
London in 1908. The Committee found the value to be very nearly 
1.0183 volts at 20°C. This value, recommended by the Committee 
as the international value of the Weston normal cell, has become the 
basis of measurement in general use for voltage and (with a resistance) 
for current measurements also. Although the cell has thus become 
the practical standard, the voltameter has not lost its importance, for 
it is the ultimate standard which is to be depended upon in the future 
to determine whether the standard cells preserved by the various national 
laboratories are maintaining an unchanging voltage. 

The researches on the voltameter which have been made since the 
international technical committee adjourned have been in part for the 
purpose of finding out with greater precision (to the sixth significant 
figure) how close the value for the cell as computed from the voltameter 
results and the international ohm is to the value 1.0183 volts adopted 
by the Committee. Although the difference is inappreciable for most 
purposes, it is desirable that it be determined as accurately as possible. 
It is also very necessary to have adequate specifications for the volta- 
meter that shall enable us to obtain results in the future comparable with 
those obtained now. In this work the Bureau of Standards has been 
able to take an active part. Many sources of error in the voltameter 
have been discovered and means for their elimination provided, and 
the voltameter may now be considered capable of being used to check 
the voltage of the Weston normal cell. 

During the course of the work differences of opinion have arisen among 
some of the investigators in this and other countries, but by co-opera- 
tive experiments and correspondence practically all of these differences 
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have been settled so that at present, we believe no important questions 
are still outstanding. A few of the most important developments dur- 
ing the recent voltameter work may be mentioned. 

It was well known before the Bureau of Standards began its work 
that the deposits in the Rayleigh or filter-paper form of voltameter ex- 
ceeded those in the porous cup voltameters which were used in series 
with them. No satisfactory explanation of this difference had been 
given, and its existence had indeed been questioned. The most re- 
cent investigation prior to the London Conference appeared to show 
that under certain conditions the two forms of voltameter agreed. It 
was discovered at the Bureau of Standards that the difference could 
be doubled if the amount of filter paper was doubled and that when 
the filter paper was wrapped around the porous cup the results were 
the same as if the porous cup were not present. In short, it was defi- 
nitely proved that the filter paper itself was a source of serious error in 
the voltameter. A chemical study showed that the cellulose fibers 
of the filter paper are slightly oxidized in the air and the minute amounts 
of oxycellulose are soluble in water. ‘These give rise to strong reducing 
agents in silver nitrate solutions and colloidal silver is formed. The 
colloidal particles carry electrical charges much smaller proportionally 
to their mass than do the univalent silver ions and therefore give rise 
to deposits in excess of the true deposit according to Faraday’s law. 
They also alter the form and appearance of the deposit. 

Methods have been developed at the Bureau for the preparation 
and testing of silver nitrate of the exceptional purity which is necessary 
for voltameter work, because very minute impurities produce exag- 
gerated effects in the voltameter deposits. All forms of voltameter 
(except the filter paper form and forms using linen, cotton, silk, etc., 
as a septum) are in substantial agreement when used with solutions of 
the highest purity and with proper precautions against anode slime. 
The temperature coefficient with pure solutions was shown to be zero 
as it ought to be. The precaution taken by some observers to soak 
the silver deposits over night in distilled water to remove the last traces 
of electrolyte was shown to be harmful because it was discovered that 
silver in contact with platinum is appreciably soluble in distilled water. 
This was shown by repeated tests. The silver and the platinum differ 
slightly in potential so that a current passes from the silver to the 
platinum through the water. Although this current is very small, it 
was demonstrated by a sensitive galvanometer and the loss of silver 
from the deposit was measured. 


62 PHYSICS: ROSA AND VINAL 


Another discovery of importance is the alloying effect of the silver 
and platinum when determining the inclusions of foreign matter in 
the deposits by the method of heating. After the slight alloying has 
taken place, the removal of the silver leaves a very thin layer of plati- 
num black on the inside surface of the cup. Unless this is entirely 
removed its adsorptive properties make the weight of the cup uncer- 
tain and its catalytic properties cause the deposition of hydrogen ions 
when another silver deposit is made so that the amount of silver is 
not a true measure of the electricity according to Faraday’s law. 

Various observers in different countries by avoiding these sources 
of error have obtained very concordant results as the following table 
shows: 


TABLE 1 
VALUES FOR THE WESTON NorMAL CELL AT 20°C. COMPUTED FROM SILVER VOLTAMETER 
MEASUREMENTS 
COUNTRY* eae VALUE FOR CELL A 

paris in 100 000 
United Statess sei ene. Pee ae Smith 1.01827, —02 
Wnited(Statesaicaie ces eee ee Richards 1.01826, —Oy, 
3 of e Ripa Peep an err Oobnune oa bea tre PRR On Ci) coi MO Smith 1.01826, —0, 
Rass ts SN ae ee nee en ee Smith 1.01829, 45 
Holland): eee SG ey ee a eee i ee Smith 1.01826 —e¢ 
German yin seh oie sap be Num oe Roa ane Kohlrausch 1.01829, +1, 
Mean, iy a ae ae a er ae 1.01827. Pata 


* England and France have not published any measurements of this kind since the time 
of the International Committee. The Observers are: for Japan, Obata; for the U. S., 
Rosa, Vinal, and McDaniel; for Russia, Mlle. Ferringer; for Holland, Haga and Boerema; 
for Germany, von Steinwehr. 

+ The Smith form and the Kohlrausch form are similar in principle. They have no 
separation between anode and cathode except a glass trap to catch the anode slime, but the 
construction of this trap is very different in the two forms. The Richards form makes 
use of a porous cup septum. 

{ This is the mean of four sets of measurements on a particular cell at different periods 
during several years. 


The average deviation from the mean result is only 0.001%. The 
experimental error involves the errors of both the cell and the standard 
resistance as-well as the numerous sources of error in the voltameter 
itself. These include the errors of weighing the bowls both before and 
after the deposit, the errors of timing the deposits, the errors due to 
fluctuation in the current, and the errors in washing and drying the de- 
posits. In view of these it is remarkable how small the deviations are 
for the individual countries. These results are the work of investigators 
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of five nationalities using three different types of instruments, and yet 
they agree to about 1 part in 100,000. 

The national laboratories were in correspondence on the matter of 
specifications when the war in Europe began. Since then the Bureau 
of Standards has prepared and published its specifications for the volta- 
meter and it will recommend these for adoption when it is again possible 
to do so after the restoration of peace. 

The specifications which the Bureau of Standards has formulated 
have been made as broad as is consistent with work of the highest 
accuracy. They do not specify any particular form of voltameter, 
but rather the conditions which must be fulfilled by the voltameter. 
The concentration of the solution is given rather wide limits because 
it has been found that identical results may be obtained with pure 
solutions over a considerable range. 

An important question as to the purity of the silver obtained has only 
recently been settled. The impurities are very small, as indeed pre- 
vious observers, including Van Dijk in Holland, Jaeger and von Stein- 
wehr in Germany, and Boltzmann in Austria, have previously shown. 
The Bureau of Standards has found the average amount of foreign 
matter in its standard deposits to be about 0.004%. It is so uniform 
in the different deposits that the results given by the voltameter as a 
measuring standard are sufficiently accurate without the necessity of 
determining the foreign matter in each individual deposit. Without 
the greatest precautions the error introduced in attempting to deter- 
mine the inclusions will be greater than the total amount of the inclusions. 

In some of the experiments at the Bureau of Standards our absolute 
current balance has been used in connection with the silver voltameter. 
This has permitted the determination of the absolute electrochemical 
equivalent of silver. It was found to be 1.11804 mg. per coulomb, 
but when corrected for the inclusion of foreign material this becomes 
1.11800 mg. This figure is exactly the value assigned to this constant, 
although at the time it was adopted by the London Conference, eight 
years ago, the best information available indicated a higher value by 
about 30 parts in 100,000. In Holland, Prof. Haga, has obtained 1.11802 
using a tangent galvanometer. We believe that the closest figure that 
can be assigned at the present time to this constant is the round num- 
ber 1.11800 mg. per absolute coulomb, and is this precisely the value 
fixed by international agreement in ‘international coulombs.’ 

Since one absolute coulomb of electricity deposits 0.00111800 gram 
of silver, the number required to deposit a gram-equivalent of silver, 
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107.88 grams, is 96,494 coulombs, which is the value of the Faraday. 
For general use the value 96,500 coulombs is a convenient round num- 
ber which is within the experimental error. 

Although some phenomena of the voltameter are not yet perfectly 
understood, the recent researches have shown how to use it as a reliable 
current standard and as a means of checking the constancy of the value 
of the Weston normal cell. The experiments made at the Bureau of 
Standards during the past eight years have been fully described in a 
series of papers which have appeared in the Bulletin of the Bureau. 
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ATLANTIS AND THE PERMANENCY OF THE NORTH ATLANTIC 
OCEAN BOTTOM 


By Charles Schuchert 


PEABODY MUSEUM, YALE UNIVERSITY 


Communicated, January 8, 1917 


In 1912 Prof. Pierre Termier, the director of the Geological Survey 
of France, delivered before the Oceanographic Institute of Paris a very 
interesting and stimulating lecture on the probable existence of Plato’s 
Atlantis. This lecture is now published in English in the Annual Report 
of the Smithsonian Institution for 1915 (1916), pages 219-234. In his 
lecture the speaker drew a conclusion that needs to be examined, as it is 
of considerable importance in paleogeography whether one is in harmony 
with it ornot. Termier thinksit “A fairconclusion . . . . that the 
entire region north of the Azores and perhaps the very region of the 
Azores, of which they may be only the visible ruins, was very recently 
submerged.” ‘This means that the area believed to have been sub- 
merged is at least equal to 40,000 square miles, and may be even far 
more than 200,000 square miles; it is said to have sunk quickly about 
10,000 feet beneath the surface of the sea. 

What are the facts that lead Termier to this very important con- 
clusion? He relates them as follows: 


Some cataclysms certainly have occurred, and they date only as from 
yesterday. I ask all those who are concerned with the problem of Atlantis 
to listen attentively and to impress on their mind this brief history; there is 
none more significant: In the summer of 1898 a ship was employed in the 
laying of the submarine telegraphic cable which binds Brest to Cape Cod. The 
cable had been broken, and they were trying to fish it up again by means 
of grappling irons. It was in north latitude 47° 0’ and longitude 29° 41’ 
west from Paris, at a point about 500 miles north of the Azores. The mean 
depth was pretty nearly 1700 fathoms, or 3100 meters. The relaying of the 
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cable presented great difficulties, and for several days it was necessary to 
drag the grappling irons over the bottom. ‘This was established: The bot- 
tom of the sea in those parts presents the characteristics of a mountainous 
country, with high summits, steep slopes, and deep valleys. The summits 
are rocky, and there are oozes only in the hollows of the valleys. The grap- 
pling iron, in following this much-disturbed surface, was constantly being 
caught in the rocks by hard points and sharp edges; it came up almost al- 
ways broken or twisted, and the broken pieces recovered bore large coarse 
striz and traces of violent and rapid wear. On several returns, they found 
between the teeth of the grappling iron little mineral splinters, having the 
appearance of recently broken chips. All these fragments belonged to the 
same class of rocks. ‘The unanimous opinion of the engineers who were pres- 
ent at the dredging was that the chips in question had been detached from 
a bare rock, an actual outcropping, sharp-edged and angular. The region 
whence the chips came was furthermore precisely that where the soundings 
had revealed the highest submarine summits and the almost complete ab- 
sence of oozes. The fragments, thus torn from the rocky outcrops of the 
bottom of the Atlantic, are of a vitreous lava, having the chemical composi- 
tion of the basalts and called tachylyte by the petrographers. We are pre- 
serving some of these precious fragments at the Musée de ’IEcole des Mines 
at Paris. 

The matter was described in 1899 to the Académie des Sciences. Few 
geologists then comprehended its very great import. Such a lava, entirely 
vitreous, comparable to certain basaltic stones of the volcanoes on the Hawaiian 
Islands, could solidify into this condition only under atmospheric pressure. 
Under several atmospheres, and more especially under 3000 meters of water, 
it might have crystallized. It would appear to us as formed of confused 
crystals, instead of being composed solely of colloidal matter. The most 
recent studies on this subject leave no doubt, and I will content myself with 
recalling the observation of M. Lacroix on the lavas of Mount Pelée of Mar- 
tinique: Vitreous, when they congealed in the open air, these lavas became 
filled with crystals as soon as they were cooled under a cover, even not very 
thick, of previously solidified rocks. The surface which today constitutes 
the bottom of the Atlantic, 900 kilometers (562.5 miles) north of the Azores, 
was therefore covered with lava flows while it was still emerged. Consequent- 
ly, it has been buried, descending 3000 meters; and since the surface of the 
rocks has there preserved its distorted aspect, its rugged roughnesses, the 
sharp edges of the very recent lava flows, it must be that the caving in fol- 
lowed very close upon the emission of the lavas, and that this collapse was 
sudden. Otherwise atmospheric erosion and marine abrasion would have 
leveled the inequalities and planed down the entire surface. Let us continue 
our reasoning. We are here on the line which joins Iceland to the Azores, 
in the midst of the Atlantic volcanic zone, in the midst of the zone of mobility, 
of instability, and present volcanism. It would seem to be a fair conclusion, 
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then, that the entire region north of the Azores and perhaps the very region 
of the Azores, of which they may be only the visible ruins, was very recently 
submerged, probably during the epoch which the geologists call the present 
because it is so recent, and which for us, the living beings of today, is the 
same as yesterday. 


Now let us see what are the geologic conditions of the Azores. Gagel! 
tells us that this group of nine islands rises out of the Atlantic from 
depths of 10,945 feet to elevations of 3250 feet, and in one case even 
to 8040 feet above the surface of the sea. There are here no old sedi- 
mentary or old eruptive formations and the islands appear to be of 
very recent volcanic origin. Among the volcanic materials have been 
found only inclusions of fossiliferous middle Miocene limestone. He 
concludes that they are volcanic islands of Tertiary age that are made 
up in the main of trachytic and basaltic lavas, that these have probably 
built themselves up to elevations of from 16,250 to over 21,125 feet, 
and that some of these volcanoes have been active during the past 
four centuries. | 
_ If the region of the Azores and that to the north of them for many 
hundreds of miles had been parts of a great continent now sunk deep into 
the Atlantic, there should be some evidence of this sinking shown in a 
well marked elevated sea terrace all along the Atlantic, foritis postulated 
that Atlantis sank when humanity had attained a high state of civiliza- 
tion; in fact the time when the warriors, according to Plato, came from 
Atlantis cannot be more ancient than Egyptian history. In other 
words, Plato’s Atlantis must have disappeared not more than 8000 to 
10,000 years ago, for the priests of Egypt told “‘of a singularly powerful 
army, an army which came from the Atlantic and which had the ef- 
frontery to invade Europe and Asia . . . . Later, with great 
earthquakes and inundations, in a single day and one fatal night, all 
who had been warriors against you [Athens] were swallowed up. The 
island of Atlantis disappeared beneath the sea.”’ 

The area of land supposed by Termier to have sunk is not less than 
40,000 square miles, and if we accept his greater supposition that it 
included also the region to the north, the mass would be not less than 
700 miles long by 300 miles wide, or 210,000 square miles. Now let 
us see how much water the sinking of such masses is equal to, with a 
view of learning how much the eustatic strand-line of all oceans would 
be lowered. Murray estimates the superficial area of the oceans as 
about 139,000,000 square miles, and the mean depth as 13,000 feet. 
Therefore to sink a mass so small as 40,000 square miles to a depth of 
10,000 feet would only lower the general strand-line a little more than 
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3 feet. If, however, the greater estimate of 210,000 square miles be 
taken, then the oceanic level would be reduced about 15 feet and this 
should show in a well marked terrace all along the Atlantic shores. 
However, it is not only in the Azores that Termier seeks for Plato’s 
lost land, but in the Canary and Cape Verde Islands as well. In other 
words, he believes that a continent greater than anything assumed 
for the Azores has very recently foundered, and therefore we should 
all the more easily observe an elevated strand-line along the Atlantic 
shores of North America. It is true that there are at least three Pleis- 
tocene elevated terraces recorded in Maryland, the highest and oldest 
one at 220 feet, known as the Talbot terrace, the middle Wicomico 
one at 100 feet, and the lowest and youngest at 40 feet, the Sunderland 
terrace. None of these, however, can have any connection with the 
foundering of Atlantis, as they are far older in age than Plato’s account. 
On the other hand, these and the other Pleistocene terraces are due not 
only to isostatic and orogenic factors, but also to the climatic factor, 
as explained by Barrell.2, From this we see that if a continent situated 
in the Atlantic foundered into the depths of this ocean, it must have 
done so in far more ancient times than those of civilized man. Fur- 
thermore, the geology of the Azores shows that these islands are not 
parts of a foundered continent, but that they are volcanic islands that 
have arisen above the Atlantic bottom during the latter part of Cenozoic 
time. On the other hand, we learn from Gagel that five of the islands 
of the Cape Verde group and three of the Canaries have rocks that are 
unmistakably like those common to the continents. Taking into con- 
sideration also the living plants and animals of these islands, many of 
which are of European-Mediterranean affinities of late Tertiary time, 
we see that the evidence appears to indicate clearly that the Cape Verde 
and Canary Islands are fragments of a greater Africa. It is there- 
fore not to the north of the Pillars of Hercules that we should look for 
Atlantis, but to the southwest of the rock of Gibraltar. 

To follow out another line of evidence, the writer understands that 
petrographers know little from actual observations as to the behavior 
of flowing lavas under the sea, and whether the cooling phenomena 
and the formation of vitreous lavas would be the same there as beneath 
the atmosphere. At least three of them, however, are of the opinion 
that tachylyte would form equally as readily beneath the sea as on 
land. In answer to a request for data that might bear on this prob- 
lem, Doctor A. L. Day, director of the Geophysical Laboratory of 
the Carnegie Institution of Washington, directed my attention to a 
recently published paper by Perret.? Last year the latter studied the 
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flow of lava descending from the volcano of Stromboli, in Sicily, and 
entering the sea, and in 1914 a similar occurrence at Sakurashima, 
Japan. At Stromboli a surface flow was 20 meters wide, and the hot 
lava ‘‘entered the water at an average rate of about 3 cm. per minute.”’ 
A little distance beyond the actual contact with the water and in ‘‘a 
perfectly calm sea there is rarely a continuous and uniform evolution 
of vapor. At Sakurashima, on March 12, 1914, the lava, at one place, 
was entering a sea as smooth as glass, yet the evolution of steam was 
spasmodic and resulted in a series of puffs.”” In regard to the subsur- 
face flow of lava, a condition of greater importance in the present dis- 
cussion, Perret writes as follows: 


At Sakurashima there was a submarine lava flow extending from beneath 
the eastern lava field for a distance of 2 kilometers along the sea bottom. 
The lava had a depth of some 75 meters, with 40 meters of water above it 

The only disturbance visible at the surface was a succession of 
convection currents in the water, without eruption of gas, and without rais- 
ing the water temperature above 64° F. at the surface and 72° just over the 
lava. 


He concludes ‘‘that a flowing lava may exist in contact with water 
without the disintegration of either, thanks to the formation of a pro- 
tective sheath, and this fact helps us to understand the quiet growth 
of submarine volcanoes. In such cases the only surface commotion 
need be that due to true gas emission at the central vent. In point 
of fact, a sub-aqueous lava stream comports itself more decorously 
than a similar sub-aerial one.’’ This is due to an important fact, namely 
that even if the protective cooled sheath is broken in places ‘‘and a 
little water enter and be vaporized in the act of sheathing the raw places 

that which is thus evolved is simply the vapor of water, 
and this, in the presence of water in mass, condenses to water again— 
there is nothing to reach the surface and cause ebullition.”’ 

Doctor Day in the letter to me mentioned above, dated November 
27, 1916, comments on Termier’s conclusion and the observations of 
Perret as follows: 


I have just read Professor Termier’s interesting speculation entitled ‘Atlan- 
tis’ and must confess that I find nothing in my experience with which to sup- 
port his views. In the forthcoming number of the American Journal of 
Science you will find an article by Perret [the one reviewed above] who is 
one of the most accurate observers of volcano phenomena with whom I ever 
came in contact. In this article he records in unmistakable terms that there 
is no essential difference in the behavior of a sub-aqueous and a sub-aerial 
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flow other than that which may be exerted by the superimposed hydrostatic 
pressure. From such experience as we have gathered in this laboratory, 
hydrostatic pressure can have no other effect than to raise the melting tem- 
perature 10 or 20° per thousand atmospheres, that is, 1 or 2%, and this fac- 
tor must therefore be accounted comparatively insignificant in determin- 
ing solidification. It is conceivable that great hydrostatic pressure might 
have the effect of preventing the escape of the volatile ingredients contained 
‘In a sub-aqueous lava flow and so facilitate crystallization. It is our experi- 
ence that a very small quantity of such ingredients has enormously greater 
influence in determining crystallization than a very large hydrostatic pres- 
sure alone. It might therefore follow that the pressure operating in this 
indirect manner might serve to keep volatile ingredients ‘on the job,’ so to 
speak, which would otherwise escape and so promote crystallization in a 
mixture which would otherwise tend to cool in vitreous form. Beyond this 
possibility I can conceive of no basis in present experience for the assertion 
which Termier has made. In general, silicate mixtures which crystallize 
with difficulty will form glass if cooled quickly whether under pressure or 
not—the pressure apparently being the least important factor in the situa- 
tion. Similar mixtures which crystallize readily can with great difficulty 
be cooled quickly enough to prevent crystallization, and here again the fac- 
tor of pressure is relatively insignificant. 

You may recall a paper by Johnston two or three years ago in which he 
showed plainly and unmistakably that in general small changes of tempera- 
ture or concentration would have greater effect in determining the resulting 
solid form than a thousand atmospheres of pressure. This conclusion is in 
a sense obvious, for if a thousand atmospheres will produce no more than 
10 or 20° effect on the melting temperature, then obviously 10 or 20° tem- 
perature change in this temperature region will be its equivalent. In the 
same sense a 1 or 2% admixture of one of the volatile ingredients will produce 
several tens of degrees lowering of the melting point of the solution in this 
temperature region. These considerations are perfectly general and apply 
without reservation to the condition of things which Termier is discussing. 
I am therefore disinclined to give any weight to the evidence which he ad- 
duces in proof of the contention that vitreous basalts could not have formed 
at depth as well as anywhere. 


This paper has also been read by Prof. L. V. Pirsson, and he makes 
the following comments in regard to the formation of tachylytes: 


Whether a magma will solidify in a vitreous or a crystalline condition ap- 
pears to be much more due to temperature than to pressure. The latter, 
in the quantities which we have to deal with in the superficial crust of the 
earth, seems relatively negligible compared with very moderate changes of 
temperature. If the change of temperature of a basaltic magma on attain- 
ing a sub-aerial surface is sufficient to cause it to solidify as a glass, or tachylyte, 
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as we know it may, there seems no good reason why a basalt magma issuing 
into cold water on the sea-floor might not be similarly affected and have an 
upper glassy crust. Such a glassy skin on the lava would seem an even more 
natural result from the melt being plunged into cold water than if it cooled 
in the air, the pressure of the depth of water being a minor consideration 
compared with the sudden change of temperature. The experience of man- 
kind from remote ages has taught that the quickest and most convenient way 
of suddenly cooling a heated material is to plunge it into cold water. 

That basaltic glasses, or tachylytes, are not formed solely under atmos- 
pheric conditions is shown also by the fact that they have been found as the 
selvage edges of intrusive rocks, in dikes, and in intrusive sheets, in Finland, 
Sweden, Connecticut, and elsewhere. These glassy sulbands are now re- 
vealed to us only after prolonged erosion, and the geologic evidence would 
appear to indicate that they were probably formed under greater pressures 
than would be produced by the weight of the water of the ocean. It was 
the sudden chilling, produced by the contact with cold rocks, which forced 
the glass to form in spite of the pressure. 

In the light of petrographic experience it does not seem that the generali- 
zation of Professor Termier is well founded. The fact of dredging glass 
splinters from oceanic depths in a volcanic region can hardly be held in it- 
self as a proof of profound subsidence of such an area from sub-aerial conditions 


The conclusions from these various studies are (1) that the Azores 
are volcanic islands and are not the remnants of a more or less large 
continental mass, for they are not composed of rocks seen on the con- 
tinents; (2) that the tachylytes dredged up from the Atlantic to the 
north of the Azores were in all probability formed where they are now, 
at the bottom of the ocean; and (3) that there are no known geologic 
data that prove or even help to prove the existence of Plato’s Atlantis 
in historic times. 

The greater question, was Africa ever united to South America is 
being answered by biologists and geologists, ‘yes’ and ‘no.’ The writer, 
however, believes in this connection previous to the Tertiary and thinks 
that the down-breaking of western Gondwana began in the late Lower 
Cretaceous, with complete severance long before the close of Eocene 
time, for marine strata of this age are general along the western border 
of Africa. On the other hand, if this land bridge had continued unbroken 
into Tertiary time, even only as late as the later Eocene, then certainly 
the wonderful fossil mammalian faunas of Argentina should have re- 
vealed many and unmistakable African links. The African affinities 
in the ancient South American mammalian faunas are, however, so 
slight as to give but a very limited support to the theory that Gond- 
wana was still in existence in early Tertiary time, and none at all to 
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the theory that the South Atlantic bridge was present even in the 
Miocene. 


1Gagel, C., Handbuch der Regionalen Geologie, 7, Pt. 10, Heidelberg, 1910. 

? Barrell, J., Amer. J. Sci., New Haven, Conn., (Ser. 4), 40, 1915, (1-22). Also see Wright, 
W. B., The Quaternary Ice Age, London, 1914, chaps. 16 and 18; and Goldthwait, J. W., 
Amer. J. Sci., New Haven, Conn., (Ser. 4), 32, 1911, (291-317). 

3 Perret. F. A., Amer. J. Sci., New Haven, Conn., (Ser. 4), 42, 1916, (443-463). 


THE RESPONSES OF HYDROIDS TO GRAVITY 
By G. H. Parker 


ZOOLOGICAL LABORATORY, MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD COLLEGE! 
Read before the Academy, November 14, 1916 


Corymorpha palma is a solitary hydroid occurring on the mud-flats 
of False Bay and other like localities in the neighborhood of La Jolla, 
southern California. It has a length of body that may exceed even 6 
or 7 cm. In its natural position under water its basal end is imbedded 
in the nfud, above which its stem rises vertically, carrying at the opposite 
end the somewhat drooping head. When Corymorpha is removed 
from the mud and allowed to attach itself to some foreign base which 
can be conveniently turned in an aquarium, it assumes in a very 
short time a vertical attitude irrespective of the position of the base. 
This vertical attitude is acquired and maintained by the stem even 
after the head has been cut off and this part may therefore be said to 
exhibit negative geotropism. ‘The stem is provided with a neuromus- 
cular sheath and a core of vacuolated cells like those in the chorda of 
vertebrates. Torrey has raised the question of the relative importance 
of the neuromuscular sheath and of the core cells in bringing about the 
geotropic response and has advanced evidence in favor of the view 
that the core cells, acting as certain vegetable tissues often do, are the 
mechanism of this response. If, however, Corymorpha is placed in 
sea-water containing some chloretone, by which the neuromuscular 
activity is abolished but the core cells are left unchanged, no geotropic 
response can be obtained when the animal is moved out of the vertical. 
When the core cells are disorganized by twirling a needle in the axis 
of the stem, care being taken that the neuromuscular sheath is not in- 
jured, the stem will show a tardy but successful geotropism. It there- 
fore seems probable that the geotropic response in Corymorpha, as in 
most other animals, is the result of the activity of the neuromuscular 
sheath and not of the core cells, though the latter very probably help 
to maintain the geotropic position by assuming a somewhat fixed 
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arrangement favorable to the particular curve or form of the stem 
imposed by the neuromuscular response. The work thus briefly re- 
ported upon was carried out last summer at the Scripps Institution 
for Biological Research, to the staff of which the writer is indebted 
for many courtesies. 


1Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 
at Harvard College, No. 287. 


THE LIPS AND THE NASAL APERTURES IN THE GNATHOSTOME 
FISHES, AND THEIR HOMOLOGUES IN THE HIGHER 
VERTEBRATES 


By Edward Phelps Allis, Jr. 


PALAIS CARNOLES, MENTON, FRANCE. 
Communicated by E. L. Mark, December 12, 1916 


Two distinctly different types of upper and lower lips, and a third 
type of upper lip are found in the gnathostome fishes, and they may 
be called the primary, secondary and tertiary lips. 

The primary lips lie immediately external to the dental arcades devel- 
oped in relation to the palatoquadrates and mandibulae, and they 
must, because of this position, have primarily lain but slightly, if at 
all, anterior to the oral plate of embryos. The primary cavity of the 
mouth lies internal to these lips. The hypophysial invaginations prob- 
ably lay external to them, as they actually do lie external to the upper 
and primary lip of Petromyzon, and to both the primary and secondary 
upper lips of Amia and Acipenser. 

The secondary lips of either side lie external to the primary ones, 
and have been developed from what was primarily simply a fold of the 
external dermis that lay posterior to the angle of the gape of the pri- 
mary lips. The pressure of the musculus adductor mandibulae, where it 
passed around the angle of the primary gape, caused this fold to bulge 
forward across that angle, and its anterior surface was then presented 
antero-mesially. The crest of this fold then formed a secondary angle 
of the gape, which lay antero-lateral to the primary angle, and short 
secondary lips ran forward from it, in either jaw, to join the primary 
lips. These primarily short secondary lips then gradually extended for- 
ward in either jaw and ultimately there reached the median line and 
coalesced with their fellows of the opposite side, a band of the external 
surface of the head, lying between these secondary lips and the primary 
ones, thus being enclosed in the cavity of the mouth as a secondary 
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addition to it. Successive stages in this process are actually found 
persisting in the adults of living Plagiostomi. 3 

The fold of the secondary upper lip of either side, running forward, 
passes either (1) between the primary upper edge of the mouth and the 
oral one of the two nasal apertures of its side,(2) across that aperture, (3) 
or between it and the aboral aperture, this depending upon the position 
of the nasal apertures relative to the upper edge of the mouth, upon the 
height of the fold of the secondary upper lip, and upon the length of the 
secondary gape of the mouth. 

In all of the Teleostomi that I have been able to examine, the fold 
of the secondary upper lip passes oral to both the nasal apertures, as it 
also does in all of the Plagiostomi that I have been able to examine in 
which there is no naso-buccal groove, excepting only Heterodontus. 
Where there is a naso-buccal groove, the fold either (1) abuts against that 
groove and there abruptly ends (Scyllium canicula), (2) forms the lateral 
edge of that groove (Raia clavata), (3) or,as shown in Miiller and Henle’s! 
figures of Ginglymostoma concolor and Stegostoma fasciatum, passes 
between the nasal apertures and is continued mesial to them as a slight 
fronto-nasal ridge. The naso-buccal groove is simply the oral edge of 
the oral nasal aperture combined with the nasal-flap furrow, and 
results from the obstruction, by that aperture and the nasal flap, of 
the normal progression of the fold of the secondary upper lip. In 
Heterodontus francisci, where this groove is not found, the fold of 
the secondary upper lip passes between the two nasal apertures and 
is continued mesial to them as a well developed fronto-nasal flap, or 
process, and the posterior nasal aperture, lying oral to the fold of this 
lip, is enclosed in the secondary cavity of the mouth; but it still 
lies external to the primary cavity, exactly as the corresponding 
aperture does in all of the other Plagiostomi examined. In the Holo- 
cephali the conditions are too complicated to be here explained, but 
they have been derived directly from those in those of the Plagios- 
tomi in which there is a naso-buccal groove. In the Dipneusti the 
- fold of the secondary upper lip passes either between the two aper- 
tures or oral to both of them, the conditions in the one specimen of 
these fishes that I have been able to examine (Ceratodus) not giving 
definite indications as to this. 

The so-called fronto-nasal process of Hae Plagiostomi in which 
there is a naso-buccal groove and in which the oral edge of the nasal 
flap is extended orally so as to bound the upper edge of the mouth, as 
in- Scyllium canicula, is not the homologue of the fronto-nasal process 
of Heterodontus, for the nasal flap arises wholly independently of the. 
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fold of the secondary upper lip and is not even crossed by that fold. 
This edge of the nasal flap thus does not form part of the secondary 
upper lip of the fish. 

Cartilages are usually found developed in relation to the secondary 
lips of the Plagiostomi and Holocephali, and bones, with or without 
teeth, in the Teleostomi, the bones in the upper lips of the latter fishes 
forming a premaxillo-maxillary dental arcade which lies external to, 
and concentric with, the primary palatoquadrate, or so-called vomero- 
palato-pterygoid arcade. 

In the Teleostomi, Holocephali and Dipneusti a dermal fold may be 
found lying aboral to the secondary upper lip. 

In the Teleostei and Holostei this fold lies along and encloses the ven- 
tral edge of the lachrymal bone alone, or the ventral edges of that bone 
and one or more of the suborbital bones, and some part of the dorsal 
edge of the maxillary bone passes upward internal to the fold. The fold 
may accordingly be called the supramaxillary fold, for although it is, 
in these fishes, definitely related to the lachrymal bone, it is not so re- 
lated to that bone in the Holocephali and Dipneusti. The fold, in 
the Teleostei and Holostei, is not continued forward in relation to the 
antorbital and dermal ethmoid bones, those bones being developed in 
relation to the antorbital section of the buccalis latero-sensory canal, 
the fold apparently being restricted to the suborbital section of that 
canal. In the Anacanthini, because of the marked anterior extension 
of the lachrymal bone, the fold is carried forward between the nasal 
apertures and the upper edge of the mouth, and is there continuous, 
in the median line, with its fellow of the opposite side; this apparently 
being a specific character of these fishes. 

In the Holocephali and Dipneusti the supramaxillary fold passes 
aboral to the nasal apertures, and in these fishes the buccalis latero- 
sensory line passes aboral instead of oral to those apertures, and neither 
lachrymal, antorbital nor dermal ethmoid bones are developed in re- 
lation to it. In Chimaera the fold encloses the outer ends of a series 
of ampullary tubules, the external openings of these tubules lying near 
the edge of the fold and representing the places of origin of the related 
ampullary organs (Allis,2); and the coalesced folds of opposite sides 
form a semicircular line which circumscribes the nasal apertures, the 
upper lips, and the related naso-labial folds. In Ceratodus this fold 
has this same relation to the nasal apertures and the secondary upper 
lips, but it has here become a tertiary upper lip, and that band of the 
external surface of the head that lies between it and the secondary upper 
lip has been added to the secondary cavity of the mouth. The two 
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nasal apertures of Ceratodus are accordingly enclosed in the buccal 
cavity so enlarged, but as I can not trace the secondary upper lip in 
my specimen of this fish I can not tell whether they both lie in the ter- 
tiary addition to that cavity or one of them in that part of the cavity 
and the other in the secondary addition to it. No tertiary lower lip 
is formed, the tertiary upper lip simply overlapping the secondary lower 
lip. ‘The anterior dental plates of this fish lie immediately internal to 
a lip that would seem to be a primary one, but as I cannot trace the 
secondary lips I cannot definitely affirm this. In Chimaera the corre- 
sponding plates lie internal to the primary lips, and hence belong to the 
palatoquadrate arcade. 

In the Amniota the definitive upper lip is a secondary one, and it 
passes between the two definitive nasal apertures. Maxillary and pre- 
maxillary bones are developed in relation to it, and it is certain, from 
conditions found in certain of the Sauropsida, that the internal nasal 
aperture lay primarily between this arcade and the vomero-palato- 
quadrate arcade. The palatine bone of certain of these latter vertebrates, 
however, develops laterally and anteriorly, either approaching, coming 
into contact with, or even fusing with the maxillary or premaxillary 
bones, and in Chelone a ventral process of the bone turns antero-mesially 
and fuses with a ventral plate of the vomer anterior to the definite pos- 
terior nasal aperture. The posterior nasal passage of this animal thus 
lies between dorsal and ventral plates of both the vomer and the pala- 
tine, and the definitive choana, which is a secondary one, lies posterior 
to the ventral plates, the primary choana lying, as it normally should, 
anterior to the dorsal plates and hence to the bodies of the palatine and 
vomer. An accentuation of these conditions would withdraw the pala- 
tine bone entirely from its own arcade and leave it definitely anterior 
to the choana, as it is in the human skull, but it there nevertheless still 
lies posterior to the primitive choana. 

In embryos of all of the gnathostome vertebrates above considered, 
the primary lips are represented in the edges of the primary stomo- 
daeum, and hence not only in the deeper portions of the so-called maxil- 
lary and mandibular processes but also in the tissues that lie between 
the anterior (symphysial) ends of those processes. In embryos of the 
Teleostomi and Plagiostomi, excepting Heterodontus and those other 
Plagiostomi in which similar conditions may exist, the secondary lips 
are represented in the superficial portions of these same processes, and the 
maxillary processes, like the secondary upper lips of the adult, in 
growing forward pass oral to the nasal apertures, and they alone, or they 
together with an intervening portion of the primary upper lip, form the 
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definitive upper lip of the fish. In embryos of the Amniota, and 
unquestionably also in embryos of Heterodontus and those other 
Plagiostomi in which similar conditions may exist, the fold of the 
secondary upper lip is represented in the .maxillary and fronto-nasal 
processes, the fold of this lip having here been cut into two parts by 
its encounter with the nasal groove; and these two processes form the 
definitive upper lip. With the formation of these embryonic so-called 
processes the primary stomodaeum has been converted into a secondary 
one, and a portion of the external surface of the head is in process of 
being enclosed in the cavity of the mouth. In embryos of Ceratodus 
the supramaxillary fold is superadded to the maxillary process, and 
the stomodaeum becomes a tertiary one. 

In embryos of the Amniota the maxillary and fronto-nasal processes, 
representing the two parts of the fold of the secondary upper lip, lie 
primarily oral, respectively, to the lateral and mesial nasal processes 
as those processes are defined by Peter,* the fold of the secondary upper 
lip thus passing across the oral edge of the nasal groove, as it does in 
the adult Chimaera, and not, as in the adult Heterodontus, in the line 
of the nasal processes and hence that of the future nasal bridge. The 
break between the two parts of the fold then forms the so-called naso- 
buccal groove, which is thus simply a partially closed portion of the 
future posterior nasal aperture and not a specially developed groove 
which cuts across the secondary lip and leads into the secondary cavity 
of the mouth. The two parts of the fold never, in the Amniota, com- 
pletely fuse with each other above the nasal groove, being always sepa- 
rated from each other by an epithelial line or membrane which is later 
broken through, and when a nasal bridge has been formed by the fusion 
of the nasal processes, the fold traverses that bridge. This bridge is 
thus the strict homologue of the bridge in the Teleostomi; for it is highly 
improbable that any new material has been brought to it by a simple 
fold of the dermis, as it is also improbable that such a fold, simply be- 
cause it passes across the bridge, can in any way change the morphologi- 
cal character of that bridge. That band of the external surface of the 
head that lies between the primary and secondary upper lips forms the 
primitive palate, and the nasal processes take part in its formation 
only as they are included, in part, in that surface. Where the nasal 
bridge lies wholly aboral to the secondary upper lip, as in the Teleostomi, 
it does not form a primitive palate and can in no way be compared with it. 

Aboral to the maxillary process of embryos of the Mammalia there 
is another process, or more properly a fold, which diverges slightly 
from the maxillary process and extends as far forward as the lachrymal 
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groove. This fold is well shown in Keibel’s! figures of embryos of the 
pig, and must represent the supramaxillary fold of the Teleostomi, the 
lachrymal groove representing a part of the supramaxillary furrow of 
those fishes. ‘The supramaxillary fold is apparently not continued on- 
ward anterior to this point, as it is in Chimaera and Ceratodus, and the 
Schnauzenfalte of His’s® descriptions of human embryos, notwithstand- 
ing that it strikingly resembles the median portion of the supramaxil- 
lary fold of Chimaera and Ceratodus, is probably not a part of that 
-fold. The lips and nasal apertures of the Mammalia could, accordingly, 
not be derived from those in Ceratodus without marked reversions, but 
they could readily be derived from those in Amia or Polypterus by the 
simple shifting of the secondary upper lip from a position oral to the 
nasal apertures to one between those apertures. 


In the Amphibia the formation of the nasal appertures, as described 


by authors, is markedly different from that above set forth, but this 
is certainly due simply to condensations and abbreviations of the nor- 
mal developmental processes, for the posterior nasal apertures of the 
adults of these vertebrates lie, as they do in the Amniota, between the 
primary and secondary dental arcades, and the nasal apertures of either 
side are, in embryos of certain of these vertebrates, connected by an 
epithelial cord (Gymnophiona) or line (Urodela) derived from the ex- 
ternal epidermis; this cord or line certainly indicating the line where 
nasal processes have fused with each other above the nasal groove to 
form a normal nasal bridge. 


1Miiller, J., und Henle, J., Systematische beschreibung der Plagiostomen, 1841, Berlin, 
xxii + 200 pp., 60 Taf. . 

2 Allis, E. P., Jr., 0. J. Microsc. Sci., London, N.S. 45, 1901, (87-236), pl. 10-12. 

3Peter, K., Hundbuch vergl. exper. Entwickelungslehre d. Wirbeltiere von O. Herftwig, 
Bd. 2, Teil 2, 1906, (1-82). 

4Keibel, Fr., Anat. Anz., Jena, 8, 1893, (473-487). 

5His, W., Arch. Anat. Physiol., Anat. Abth., Leipzig Jahrg. 1892, (384-424). 


NATURAL AND ISOGONAL FAMILIES OF CURVES ON A SURFACE 
By Joseph Lipka : 


DEPARTMENT OF MATHEMATICS, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
Communicated by E. H. Moore, December 13, 1916 


1. If F is a function of the codrdinates of a point and ds is the ele- 
ment of arc length in any space, the curves along which JS Fds is a 
minimum are said to form a natural family of curves. Such families 
include many interesting special cases. Thus if W is the negative po- 
tential function and / is a given constant of energy in a conservative 
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field of force, our natural family may be: (1) a system of trajectories 
arising from the principle of least action, where # = Wa hei 
system of brachistochrones or curves of quickest descent, where F = 
V(W +h)-; (3) a system of general catenaries or positions of equilibrium 
of homogeneous, flexible, inextensible strings, where F = (W-+4A). 
Again, if P is the variable index of refraction in an isotropic medium, 
the paths of light in such a medium form a naturalfamily. The conformal 
representation of the geodesics of any surface upon certain other sur- 
faces is also a natural family. Natural families of curves have been 
geometrically characterized by Kasner for a plane and for space of 
three dimensions,! and by me for any surface and any curved space 
of m dimensions.? | 

If we have any set of ~1curves ona surface, the system of ©! curves 
which cut every curve of this set at a constant angle, a, form a system 
of isogonal trajectories of the original set; there are <«! such systems for 
varying values of the parameter a, and these form the complete fam- 
ily of «©? zsogonal trajectories. Isogonal families of curves have been 
geometrically characterized by Kasner for the plane,! and by me? for 
any surface. 

In this paper, §2 gives a very general geometric transformation by 
which a family of isogonals may be transformed into a natural family; 
§3 gives the analytic representation of the geometric transformation 
of §2, and exhibits the interchange of the two families through repeated 
application of this transformation; §4. gives the relations existing be- 
tween the point functions which characterize dual (natural-isogonal) 
families. | 

2. If we take an isothermal system of curves as parameter curves 
on the surface, we can write the element of arc length in the form 


ds? = ) (u, v) [du? + dv]. 
The variation problem | 
SF (u,v) ds = minimum (1) 
then leads to a family of <? curves whose differential equation is given 
by 3,4 
v’’ = [ (log F+/ x), — (log Fx/d), 0] [1 +02] (type N) (2) 
and the problem of finding the isogonals of a simple system of curves 
ube! ( 1, 1°) (3) 
leads to a family of <? curves whose differential equation is given by? 


v’ = (w, +, v) (1 +97) (type I.) (4) 
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If we have any other simple system of curves 
” = tana (w, 2), (5) 
the differential equation of its isogonals is similarly given by 
vy’ = (a, t+ a,2’) (1 + 0”) (type I.) (6) 
For these families, ~* curves pass through each point on the surface, 


one in each direction. 
The geodesic curvature for any curve on the surface is 


1 _ of — [og V'd)s — Cog > )u oJ 11 + 944 


en 3 
s Vd (1 + v2)? 


If we apply (7) to the unrelated J,, and Ig curves, we have, for a 
curve in any direction v’, 


(7) 


| = | _ [eu — (log VW )o] + [oo + (log Vd ul vt (8) 

p Phy Vd (1 + 0”) 

| = | _ Lau = Clog V> )o] + Lae + (log VX )u] 0” 9) 
pele Vd (1 + 0?) ( 


and hence 
1 1 (wu — au) + Co — av) v” 
dU l. oae 0 


On the other hand, if we apply.(7) to the N curves, we have, for a 
curve in any direction v’, 


1] — (log F), — (log F),, 2’ 
[| - Vd (1 + 0!2) sea 


e e e 1 e e e e e 
and for a curve in a direction (- —), ie., in a direction perpendicular 
. v 


to the direction v’, 


1 (log F),, + (log F), v’ 
ba ee : : (12) 
pn Vd (1 + 0'2) 
Comparing (12) and (10) we see that the right members of these 
equations will coincide if 
log F ='e — a, (or) 7 — e70—. (13) 
Thus if we have two distinct J families and we choose one curve of 
each family passing through the same point in the same direction, the 


} 
' 
tp 
4s 
we 
» 
“ 
_ 
~~, 
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difference of their geodesic curvatures is equal to the geodesic curvature 
of a curve through that point but in a perpendicular direction of a re- 
lated N family. This is evidently true for every point and in every 
direction. 

Considering our ©? curves as composed of ~* geodesic curvature ele- 
ments (wu, v, v’, v’’), and defining corresponding geodesic curvature ele- 

_ ments on a surface as two elements which have the same initial point 
and the same direction, we may state the following result: 

Given any two tsogonal families. If in each direction through each 
point we consiruct a geodesic curvature element whose geodesic curvature is 
equal to the difference of the geodesic curvatures of corresponding elements of 
the two tsogonal families, and then rotate each new element in the same direc- 
tion through a right angle (keeping its geodesic curvature unchanged), the 
«<3 new elements will form a natural family. 

If w and a are the functions determining the two isogonal families, then 
the above transformation leads to the natural family whose characteristic 
function, F, is the exponential of w — a. 

According as we subtract the geodesic curvatures of the Ig curves 
from those of the J,, curves or vice versa, we get the WV family, F = e® “ 
orer,'—'e  ~, so that F = 1/F,;-hence 

Two tsogonal families give rise, by the above mentioned transformation, 
to two natural families whose characteristic point functions are reciprocals, 
and such that corresponding geodesic curvature elements have their geodesic 
curvatures numerically equal but opposite in sign. 

3. The analytic curvature transformation which changes an J family 
into an WV family, is 


, 1 
(T) U, =U, 0, =0,0,>= ai hap te ls a 7 
v ve 


where a is an arbitrary point function. 
This changes 


v=o, +o,0) (1+07) (ype I) (4) 
into 
pee ial— a), + (logV d)1—[(o—e)u + (log WV )ulo’} {1-02} (type N) 
(14) 
and by comparison with (2), we have 
lop Maer) COr) Eas) 62" (15) 


Hence (T) is the analytic statement of the geometric transformation 
described in §2. 
It is interesting to note the results of repeated applications of the 


_ 
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transformation (TJ) on the J family, (4). (T?), (T%), and (TZ*) lead 
respectively to 
v’={[(a-—w— logV d)u— (a — log aaa [(a — w — log ava: 
(a —log W)u] o'} {1 +07}, (16) 
={[(a—log ae [(a— len V )o+ wulo’} {1+02} (17) 


= (wu + wv’) (1 + 0”). (18) | 
Now equations (2) and (4) are special forms of a more general equation 
=(¥ —¢v) 1+ 0%), (19) 
which reduces to type I or type NW according to the restriction 
vot gu =0 or fu — & = 0 (20) 


respectively. Applying the criteria (20) to equations (16), (17), and 
(18), we may draw the following conclusions: 

Given any I family, (T) always transforms this into an N family, and 
(T*) always gives the orginal I family. In general (T?) and (T) give neither 
an I nor an N family; but if the auxiliary arbitrary function, a,is so chosen 
that the system v’ = tan (a — log WX) is an isothermal system,' or if 
our surface is developable® and the system v’ = tana is isothermal, 
then (T?) gives an I family and (T?) gives an N family. 

Given any N —I jamily, 1.e., the isogonals of an isothermal system (cf. §4), 
(T) always transforms this into an N family, (T?) gives neither an I family 
nor an N family, in general, (T?) always gives an I family, and (T*) always 
gives the original N—TI family. If the auxiliary arbitrary function is 
so chosen that the system v’ = tan (a — log WX) is isothermal, or if 
our surface is developable and the system v’ = tan a is isothermal, then 
(T), (T?), and (T3) give N—TI families (not the original family). 

4. If the N family 


= [(log F Vx), — (log F Vd). 2'] [1 + 07] 
and the J family : 
vy” = (wu + wv’) (A + 0”) 
coincide, then we must have 
(log F VX)» = wu and (log F VX)u = — ws 


x —— 
wun + wo =O and (log F-VA)uu + (log F VA)» = 0 


Therefore the curves v’ = tanwandv’ = tan (log F Vd) are isother- 
mal systems, and the functions w and log F +/\ are conjugate harmonic. 
Thus the base system of our isogonals is isothermal, and if H is con- 
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jugate harmonic to w, ie., if w + 2H is a function of wu +729, then F = 
\?e7. Now for our parameter system, which is any isothermal sys- 
tem, » = 0 and therefore H = 0 and F = “? = Fy, and we may write 
#— Fye". Hence 

If Fo ts the characteristic function corresponding to the tsogonals of an iso- 
thermal system, an N family can be identified with an I family when and 
only when tts characteristic function ts the product of Fo and the exponential 
of a harmonic function." 

If we have two isothermal systems, v’ = tan w and v’ = tan a, and 
w and a@ are conjugate harmonic, they form the base systems of two 
N-—I families whose characteristic functions are 

Fi,=n te and Fy=d%e® 

respectively; hence 


= = er (21) 


On the other hand, the isogonals of the system v’ = tan w are trans- 
formed by (T) into the N family whose characteristic function is F = 


e’“. Comparing this with (21) we may write 
F 
F=_& 22 
fs (22 


If w + 14a1s a function of the complex variable u + 1 v, 1t determines 
two isothermal systems, v' = tan wand v' = tan a, which are the base sys- 
tems of two N — I families. Either of these families may be transformed 
by means of (T) and the remaining family into an N family whose charac- 
teristic function is the ratio of the characteristic functions of the two given 
families. - | 


1Kasner, E., Trans. Amer. Math. Soc., New York, 10, 1909, (201-219). 

?Lipka, J., bid., 13, 1912, (77-95). 

3 Lipka, J., Ann. Math., Princeton, N. J., 15, 1913, (71-77). 

4Throughout this paper, primes refer to total derivatives with respect to u, and literal 
subscripts to partial derivatives. 

5>The condition that the system v’=tan@ be isothermal is By, + By = 0. 

6The condition for a developable surface is (log A)yx + (log A)oy = 0; cf. Note’. 

7 Compare with Kasner, E., New York, Bull. Amer. Math. Soc., 14, 1908, (169-172). 


84 MATHEMATICS: HARDY AND LITTLEWOOD 


SOME PROBLEMS OF DIOPHANTINE APPROXIMATION: 
THE SERIES 2@(\,) AND THE DISTRIBUTION OF 
THE POINTS (An q@) 


By G. H. Hardy and J. E. Littlewood 


TRINITY COLLEGE, CAMBRIDGE, ENGLAND 
Communicated by E. H. Moore, December 5, 1916 


1. In our previous writings on the subject of Diophantine approx- 
imation, which we refer to in a short note published in the October 
number of these PROCEEDINGS,! we alluded in several places to a series 
of further results which, we hoped, were to form the material for a third 
memoir in the Acta Mathematica. The prosecution of this work was 
delayed, in the first instance, by our occupation on a long memoir on 
the theory of the Riemann Zeta-function, now in type and shortly to 
appear there, and subsequently by other causes; and there is, under 
present conditions, little hope of its completion in the immediate future. 
The subject has since been reopened by the appearance of work by other 
writers,? and in particular of a very beautiful memoir by Weyl in the 
latest number of the Mathematische Annalen.2 This paper contains 
allusions to our unpublished work: and it seems desirable that we 
should make some more definite statement than has appeared hitherto 
of our results and the relations in which they stand to Weyl’s. 

The main problems which we considered were three. 

2. (a) The first problem was that of proving that, if e(x) = ¢* 
and | 

\, =on* ta, ne t+...+a 


is a polynomial in n with at least one irrational coefficient, then - 
n 
Sy = De) =0 M1). 
1 


We may plainly suppose that every a has been reduced to its residue 
to modulus unity: and there is no substantial loss of gouge ln in sup- 
posing the first coefficient irrational. 

This theorem we enunciated first, in the special case in which A, = 
an*, in our communication to the Cambridge Congress, characterising 
the proof as ‘intricate.’ In our second memoir in the Acta we discussed 
in detail the case k = 2, using a transcendental method which leads to 
a whole series of more precise results; and we promised a proof of the 
more general theorem in the third memoir of the series. Weyl’s memoir 
contains a complete statement and proof, both quite independent of 
ours, of the theorem in its most general form. 
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The limitation on the form of \,, which appears in the theorem as we 
stated it, was introduced merely for the sake of compactness of expres- 
sion and does not correspond to any real simplification of the problem. 
Our argument indeed depends upon an induction which compels us to 
consider the problem generally. The most comprehensive result which 
appears in our analysis is as follows: given any positive numbers ¢« and n 
we can determine v (e), N (e,n), and a system of intervals 7, including all 
rationals whose denominators are less than v, and of total length less than 
n, 50 that | Sp | < en forn > N, all values of a exterior to the intervals j, 
and ali values of a1, a, . . . . =, a. From this result it follows at 
once that s, = o (m) for any particular irrational a, and uniformly in 
eure ody oF, 

Weyl’s proof and ours are widely different, and each, we hope, may 
prove to have an interest of its own. The same is true of the deduc- 
tion of the formula ¢ (J + it) = o (log #), made by Weyl as well as by 
ourselves. 

3. (6) The second principal problem was, to use Weyl’s phraseology, 
that of the ‘uniform distribution’ (Gleichverteilung) of the points (Az) 
where (x) is the residue of x to modulus unity. Suppose that 7 is the 
number of the first 2 such points which fall within an interval 7 of 
length 6. Then the points are said to be unzformly distributed if nj 6n for 
every such interval 7. It is plain that a corresponding definition may 
be given of uniform distribution of an enumerable sequence of points 
in space of any number of dimensions. 

That the points (A,) are uniformly distributed when k = /] and a is 
irrational was proved independently by Bohl, Sierpinski, and Weyl 
in 1909-10. The general result (with the same unessential limitation 
as to the form of ,) was stated by us in our first paper in the Acta. 
Our proof, which has never been published, proceeded on the same lines 
as that of the thoerem of §2. But Weyl has now established a ‘prin- 
ciple’ which renders such a proof entirely unnecessary, and which has 
led him to results in this direction far more comprehensive than any of 
ours. This ‘principle’ is expressed by the theorem: if 

> e (myd,) = 0 (n) 
1 
for every positive integral value of m, then the points (d») are uniformly 
distributed in (0,1). The proof depends on a simple but ingenious use 
of the theory of approximation to arbitrary functions by finite trigo- 
nometrical polynomials; and there is a straightforward generalisation 
to space of any number of dimensions. 
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Weyl’s ‘principle’ enables him to deduce, with singular ease and ele- 
gance, theorems of ‘uniform distribution’ from theorems of the char- 
acter of that of §2, and to generalise them immediately to multidimen- 
sional space. It enables him to prove, for example, that the points whose 
coordinates are 


(nb o) (P=1,2,..., 8 ¢=1,2...,8%7 =. 2 


where a1, a, ...., al ts any set of linearly independent irrationals, 


are uniformly distributed in the ‘unit cube’ of kl dimensions. All that we » 


had been able to prove was that the points were everywhere dense in 
the cube. 

4. (c) Corresponding questions arise in connection with an arbitrary 
increasing sequence \i, Ae, As, . . . . . « Are the points (A, a), for 
example, uniformly distributed? The answers to such questions in 
general involve an unspecified exceptional set of values of a of measure 
zero, instead of (as when dX, = *) a specified set such as the rationals; 
they are, in other words, only ‘almost always’ true. 

In our first paper in the Acta we proved quite generally that the set 
(A, a) is almost always everywhere dense. The corresponding theorem 
of ‘uniform distribution’ we discussed only in one especially interesting 
particular case, that in which \, = a", where a is an integer. The 
theorem is in this case substantially equivalent to results obtained by 
Borel, from the standpoint of the theory of probabilities, and by Faber,5 
as a corollary of Lebesgue’s theorem that a rectifiable curve has a tan- 
gent at almost every point. Our analysis however contains the first 
direct and general discussion of the problem, and leads to results nota- 
bly more precise than that of mere uniformity of distribution. These 
results were afterwards made the subject of important generalisations 
by Fowler,? whose investigations covers all cases in which \, increases 
with tolerable regularity and as fast as an exponential of the type e*”. 
Weyl’s ‘principle’ enables him to reduce this problem to a study of the 
series De (An a), and leads him to the following theorem, so far the most 
general of its kind. Jf c>0,6> 0, and X, wereases by at least ¢€ 
whenever n increases from h by as much as h (log h)*~*, then 


5, = ye (A,@) Fe, (n), (1) 


and the points (Xn a) are uniformly distributed, for almost all values of a. 
In our second paper in the Acia we stated that the equation could, 
in very many cases, be replaced by the much more precise equation 


$, = O (ni) (2) 
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for every positive «. The publication of Weyl’s work had led us to a 
re-examination of this question and to the following theorems. 


A. bi (i) An+[n€] Tec Oe 
eee et cs SoG, 


for every positive e, then 


(ii) 54 (4) = rae Ove) = O(n) 


1 
for almost all a’s and every positive e. 


B. If (i) is replaced by (i’) Xn+[nBt+e] — n> ©, where0<B <1, then 
(iii) may be replaced by 


Gale)! Co Gann): 


To these two theorems Weyl’s forms a completing third. It should be 
observed that (i) is certainly satisfied if \,u1 — An 2c > O, and in 
particular if \, is always integral, and (ii) if @, = O(n‘), and in partic- 
ular if a, =1. 

If \, is an integer, and we separate the real and imaginary parts in 
the equation (iii), we obtain a theorem concerning a particular system 
of normal orthogonal functions for the interval (0, 1), viz., the functions 
V2 cos 27d,%, V2 sin 27\,x. Our argument is then directly exten- 
sible to a general orthogonal system, and we are led to a new and inter- 
esting proof of Hobson’s* theorem that if ¢,(«) is any normal orthogonal 
system, and =n? LG. | 2 is convergent for some positive 6, then Denadn (x) is 
convergent almost everywhere. 

Weyl’s hypothesis concerning \, asserts, roughly, that the increase 
of \, is appreciably more rapid than that of (log m)*. It is easy to see 
that this hypothesis cannot be capable of much wider generalisation. 
For, when \, = log x, s, is definitely of order. It seems probable, too, 
that the index 4 (1 + 8) of Theorem B is the correct one. 

5. We conclude by correcting an error in our recent note. The re- 
sults concerning the special case p = 0 are stated wrongly. It is not 
true that, when p = 0, f(z) and s, are bounded; all that we can assert 


) 1 
is that they are of the forms O (085 -| and O (log ) respectively. 


That f (z) should be bounded would contradict a general theorem of 
Fatou,’ in virtue of which a bounded function must tend to a limit, for 
almost all values of 6, when z = re” tends to the circle of convergence 
along a radius vector. The error has no bearing on the general case. 
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ON MOSELEY’S LAW FOR X-RAY SPECTRA 
By Horace Scudder Uhler 


SLOANE PHYSICAL LABORATORY, YALE UNIVERSITY 
Commuaicated by B. B. Boltwood, December 23, 1916 


While engaged in making interpolations, by the method of least 
squares, of unknown from known wave-lengths of high frequency spectra 
I noticed certain systematic deviations from Moseley’s law which led 
me to investigate three interesting questions that have not been pre- 
viously discussed, probably because the older data did not seem to be 
sufficiently accurate to justify close mathematical analysis. ‘These 
questions are: (i) How accurately does Moseley’s law reproduce the 
observed wave-lengths? (ii) What empirical formula will represent 
the numerical data within the limits of experimental error? and (iii) 
What is the order of magnitude of the high frequency radiations of ele- 
ments having smal] atomic numbers and of which the spectra have not 
yet been obtained? In the following paragraphs definite answers 
will be given to questions (i) and (ii), while a tentative solution of the 
third problem is necessitated by the fact that it involves extrapolation. 
The wave-lengths used in the computations were taken from the recent 
papers by M. Siegbahn, W. Stenstrém, and E. Friman. These data 
were chosen because they are the latest, they were all obtained in the 
same laboratory with the same spectrometers, and they constitute the 
most extensive, accurate and consistent set available. 

Moseley’s law is that, for any one series (a, 6, y, etc.), the square- 
root of the frequency of the lines is a linear function of the atomic num- 
bers of the radiating elements. In symbols Vvy = a + 6 N, where 
vy = frequency, N = atomic number, a and 0 are constants for one 
series. When a and 0 are calculated by the method of least squares, 
from the 48 known wave-lengths of the L-a, series, extending from zinc 
{N = 30, = 12.346 A) to uranium (V = 92, = 0.911 A), the values 
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obtained lead to wave-lengths which show a systematic deviation from 
the experimental data. In other words, a ‘smooth’ curve can be drawn 
through the points having as abscissae the atomic numbers and as or- 
dinates the corresponding percentages by which the calculated wave- 
lengths are algebraically greater than the experimental values. The 
extreme deviations are +2.00%, —0.62%, and + 0.46% for Zn, Ce, 
and U, respectively. Since the glancing angles are said to be correct 
within 0.3% it follows that the extreme interval of deviation (2.62%) 
must be real and that Moseley’s law does not hold exactly over the en- 
tire range. In the case of the Z-6; series for which 46 wave-lengths 
from arsenic (V = 33, \ = 9.449 A) to uranium (A = 0.720 A) are 
given, another smooth curve of departure is obtained, the extreme de- 
viations being +13.35%, —3.06%, and + 5.84%, corresponding to As, 
Nd, and U, in the order named. The range 16.41% certainly cannot 
be accounted for as due only to experimental error. The data for the 
L-y, series extend from zirconium (NV = 40, } = 5.386) to uranium 
(\ = 0.615) and comprise 36 wave-lengths. The deviations for the 
associated curve of departure are found to be +9.22%, —1.68%, and 
+3.96% for Zr, Yb, and U, respectively. Unfortunately, only a por- 
tion of the literature relating to the K series is at present accessible to 
me. Nevertheless, the 20 wave-lengths of the means of the K-a, and 
K-a series extending from sodium (V = 11, X = 11.951 A) to ger- 
manium (V = 32, » = 1.259 A), exhibit departures from the linear rela- 
tion which are greater than the probable errors of the experimental 
numbers. In this case the original investigators state, and alsogive 
data to show, that the wave-lengths for the same line obtained from dif- 
ferent negatives agree to within 1 or 2 tenths of one per cent. Just 
as for the L-series, so here, the curve of departure with respect to the 
linear law deviates more and more as the smallest atomic number is 
approached. The deviation for magnesium was found to be +0.41%, 
and for sodium +0.74%. The answer to the first question is, therefore, 
that Moseley’s law does not hold for the entire range of the L-series 
and that it seems to be slightly inexact for the most intense lines of the 
K-series. 

The second question proposed may be answered at once. The em- 
pirical equation 

Ve A BN 4 CD +N) 

was found to represent the L-series well within the limits of experimental 


error even when the values of the parameters a’, b’, C, and D were ob- 
_ tained by graphical processes and not by the method of least squares. 
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This equation results from adding the correction function a’ + 6’ N + 
C (D + N)-! to Moseley’s formula. From the mathematical point of 
view the correction terms mean that the residuals (6) of Moseley’s 
law conform to the hyperbola V6 + ¢,6 + c2 + c3V + csN? = O, which 
differs from the general conic solely in the omission of the term that 
would involve the square of the residuals. In the case of the L-#; 
series—for which the linear law shows the greatest departures from the 
experimental data—the deviations of the more complicated formula 
were only + 0.15%, —0.13%, and + 0.23% for As, Nd, and U, re- 
spectively. In all cases examined B was positive while A, C, and D 
were negative. D was always an integer and, although the mathe- 
matical analysis does not preclude the possibility of fractional values, 
this peculiarity may be accidental and not may have physical significance. 

Evidence in favor of the opinion that the wave-lengths of the K- 
series fall in the unexplored region between 600 A and 12 A will now be 
adduced. Substitution of unity for NV in Moseley’s formula leads to 
the infra-red wave-length 138.7u, in the case of the mean K-a series. 
When the members of this formula are squared a parabolic equation 
with related coefficients is obtained. When JN is replaced by 1 in the 
more general parabolic expression vy = ad + a,N + aN? it is found 
that \; = 366A. Under the same conditions the cubic py = db) + 0, N 
+ 6b, N? + 6; N3 gives; = 130A. The last equation fits the known 
wave-lengths better than either of the preceding parabolic formulae, 
especially for the longest wave-lengths (smallest values of V). The 
probable error of one residual is + 0.183% for Moseley’s formula 
(squared) and +0.102% for the cubic, that is, nearly twice as good on 
the whole. Since the extrapolated wave-length becomes shorter as 
the equation is made to conform more closely to the experimental data 
and since the values obtained from the power expansions with inde- 
pendent coefficients are both less than 400A it seems plausible to con- 
clude that the experimental wave-lengths when found will fall in the 
ultra-Lyman region. Extrapolation for the L-series would be pre- 
mature for the reasons that the interval from NV = 30 to N = 1 is too 
great and the law of nature is not yet known. 

In conclusion, I desire to express the hope that the present paper, 
which is tentative and by no means final, may stimulate experimental 
research in the difficult but very important region of the spectrum 
lying between the shortest wave-length (600 A) published by Lyman 
and the Jongest determined by Friman. 
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A NOTE ON THE FITTING OF PARABOLAS 
By John Rice Miner 


BIOLOGICAL LABORATORY, MAINE, AGRICULTURAL EXPERIMENT STATION! 
Communicated by Raymond Pearl, November 28, 1916 


The formulae given by Pearson? (pp. 12-16) and Elderton? (pp. 30-31) 
for the fitting of parabolas by the method of moments assume the origin 
at the mid-point of the range. It being often more convenient to take 
the origin one unit below the first ordinate, as in working by the method 
of least squares, I have, at the suggestion of Dr. Raymond Pearl, 
worked out the formulae which result from such choice of origin. 

Let / be the range for which the parabola 


We TC aetetCid) rp Cokie ihe oe RCA 


is to be fitted to the observations, and M, = S(yxr) where the summa- 
tion includes the values of x and y for every observation. 


Then 
1+4 
N= i) (cot cmt cont... .¢yx") x'dx 


Co C1 f 
xa l BONY a wt (EY co | 1 BNE 2 hui \F-2 eid 
21+ yt - 4+ 04+ - 1 + 
ie 
n 1 D\-rerl 6 D\r-en-t 
+d pt — yet] 
‘Substituting r=0,1,2,.. . . min this formula we have x +1 
simultaneous equations from the solution of which we may express the 
c’s in terms of the moments and certain functions of /. 


(i). y =ao+ aux, 
Co = KiMy — K2M,, 
qj = KeoMy) + K3M,, 


where 


1 6 
Ra (4? + 61 + 3), Ky = al ill) K; = 12/9. 
Gi). y =cotax + cox, 

Co = KyMy — KM, + KoMsg, 

a=—-KM+KM,— KM, 

Co = Ke — KgM, =I KM, 
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where 


Kia 2 (e+4h4 18+ 5142), Ke=20+1) (422 + 101+ 5), 


oe = (F $30 2) roe = (1622 + 301 + 15), 
ee = (+1), Ky = 180/05. 


(iii). y = Cot cre + Con? + C3x?, 
Co = KiMo — Kui + KvMe — Ki3sMs, 
(= — KyM) + Kul, — KisMe + KieMs, 
GC. = KpMo — KiM1+ KizMe — KisMs, 
Cs = — KisMo + KieM; — KisMe + Ki9Ms, 


where 


Kee “i (6418 + 48015 + 16801! + 28401 + 2460/2 + 10501 + 175), 
ee = (1 +1) (16/4 + 961 + 1882 + 1407+ 35), 

Roe = (16H + 104] + 1921 + 1401 + 35), 

rene 70 41) (22 410145), 


Ku = 2 (16/4 + 7273 + 12012 + 841 + 21), 


Kis = a Use (30 te “| 

0 
Ky, = > (42 + 102 + 5), Ku = = (36/2 + 701 + 35), 
Kis = 0 - Ve Kis = 2800 /7’. 


The values of the K’s for values of J up to 30 are given in Table II. 

The fitting of the following observations, given by Thiele (p. 12) and 
used by Pearson? to illustrate his formulae for fitting parabolas, will serve 
as an example. Table I shows the calculations to obtain the moments 
and the resulting parabolas. It is obvious that these data are in no 
way suited to graduation by parabolas, being really a unimodal fre- 


quency distribution. They will, however, serve for illustration of 


method. 
The origin for moments is taken at X = 6 and the successive moments 


corrected by Sheppard’s formula (\)* (p. 276). 
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TABLE I 
Parabolas 
X y x yx yx2 yx3 
1st 2nd 3rd 
7 3 1 3 3 3 Sed 1220 —14.1 
8 if 2 14 28 56 54.3 30.9 S22 
9 35 3 105 315 945 i 4 46.6 62.2 
10 101 4 404 1,616 6,464 48.0 58.1 78.4 
11 89 5 445 2,229 11,125 44.9 65.4 83.1 
12 94 6 564 3,384 20,304 41.7 68.5 78.9 
13 70 7 490 3,430 24,010 88.5 67.5 68.0 
14 46 8 368 2,944 P3552 35.4 62.2 53.0 
15 30.|'. 9 B70) 2.43000 | 21/8705) 1 32)2 52.8 36.2 
16 15 10 150 1,500 15,000 29.1 39.1 20.0 
17 4; 11 44 484 5,324 25.9 PA Vie) 6.8 
18 5| 12 60 720 8 6401 22.8 SO) ( =018 
19 1 13 13 169 2,197 19.6 —26.9 —0.7 
Metalses, s<| 500 |..... 2,930 LOJA ST ASO AO ee a ee a ree ee oS ca 
M, = 501.031015 M, = 19190.3584 
| } = 13 
M, = 2929.06288 M; = 138630. 787 
(i). 
co = 0.344561M, — 0.0382340M, = 60.6459 
¢, = —0.0382340M, + 0.00546199M, = —3.15791 
(ii). | 
Co = 0.935607M, — 0.275217M, + 0.0169273M, = —13.1046 
¢ = —0.275217M, + 0.100481, — 0.00678709M, = 
26.1762 
Cg = 0.0169273M, — 0.00678709M, + 0.000484792M, = 
| — 2.095379 
(iii). 
Co = 2.158569M>, — 1.173878M, + 0.172060M, —0.00738727M; 
= —79.062 
(1 = —1.173878M, + 0.760838M, — 0.120782M, +0.00542834M; 
EO LO OL 
co = 0.172060M, a 0.120782M, + 0.0201633M, — 0.000937074M;, 
= —10.53703 
¢; = —0.00738727M, + 0.00542834M, — 0.000937074M, 


+ 0.0000446226M; = 0.401978 


1 Papers from the Biological Laboratory of the Maine Agricultural Experiment Station 
No. 106. 
2 Pearson, K., Biometrika, Cambridge, 2, 1902, (1-23). 
3 Elderton, W. P., Frequency Curves and Correlation, London, 1907, pp. 172. 
4 Thiele, T. N., Forelaesninger over Almindelig Iagttagelslaere, Kjpbenhavn, 1889. 
5 Pearson, K., Biometrika, Cambridge, 1, 1902, (265-303). 
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AXES OF SYMMETRY IN GLOBULAR CLUSTERS 


By Francis G. Pease and Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, January 10, 1917 


_ The distribution of stars in globular clusters has been extensively 
studied in the past, chiefly from the standpoint of the groupings and 
superficial arrangements of the brightest stars or on the basis of the 
variation of density with distance from the center.!_ The distribution 
with respect to direction as well as distance has been considered briefly 
for ten clusters by Bailey, who found a number of asymmetrical irreg- 
ularities among the brighter stars.2, But deductions relative to the basic 
structure of globular clusters cannot be founded safely on the most 
luminous objects alone, for investigations of the colors in these systems 
show that the brighter stars are peculiar and perhaps not at all repre- 
sentative of the enormous number of faint stars which constitute the 
greater part of the mass. 

Several points wherein globular clusters resemble our galactic system 
of stars have been noted in recent papers, and it was suggested that 
planes of symmetry may characterize the distribution of stars in clusters, 
as does the Galaxy that of the stars in general. Although the thous- 
and brightest stars in Messier 13 gave no definite evidence of an ellip- 
tical distribution, a study with respect to direction from the center of 
the star-counts published for the bright southern cluster w Centauri* 
did verify the photographic appearance of an elongated form. In this 
cluster 6400 stars were counted, covering a considerable interval of 
apparent (and absolute) magnitude, while for only two of the ten clus- 
ters discussed by Bailey did the number appreciably exceed one thousand. 

The photographs of clusters with the 60-inch reflector at Mount Wil- 
son afford material particularly suited to the study of this problem. 
Plates have been obtained for nearly twenty different systems, and for 
some clusters exposures varying in length from one minute to several 
hours are available. A few plates record stars fainter than the twentieth 
magnitude. The method and progress of the counting have previously 
been reported.’ Briefly, the study of star density on each plate is 
based on counts made with the aid of a superposed reseau of small 
squares 31.4 on a side. The details of the observations and counts 
will appear eventually in the Contributions of the Mount Wilson Solar 
Observatory. ‘The present paper indicates one of the most important 
results, considered somewhat in detail for the well-known Hercules 
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cluster, Messier 13, and more generally for the other clusters for which 
plates of sufficiently long exposure are available. 

The data have been arranged in a system of twelve equal sectors, 
and these subdivided by a series of concentric circles, according to the 
scheme shown in figure 1. Except for the shortest exposures, the 
‘counts within a minute or two of the center are uncertain or impossible, 
and for the inner ring are generally ignored in the discussion. In gen- 
eral, results for all such crowded regions are less reliable because of 
possible influence of the Eberhard effect or of similar photographic 
phenomena. The tedious and difficult task of counting and tabulat- 
ing more than 500,000 star images was performed by Miss Van Deusen 


FOLLOWING 
SNIQZN3Ud 


of the Computing Division. Miss Richmond, also of the Computing 
Division, has assisted greatly in the arrangement and tabulation of the 
counts for the study of distribution with respect to direction from the 
center. 

Table I and figure 2 show for Messier 13 the number of stars for suc- 
cessive sectors on several plates with increasing exposure time. The 
limits of distance from the center are 2’ and 10’, except for Plate 133, 
for which they are 3’ and 9’. The totals in the third column include 
the count or estimate of stars in the center, and also those farther from 
the center than the limiting distance used in the tabulation for the 
sectors in columns 4 to 15. 

The two maxima and the two minima in each curve show immediately 
the presence of a well defined axis of symmetry. For plates contain- 
ing only one or two thousand stars the elliptical form is little if at all 
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FIG. 2. AXIS OF SYMMETRY IN MESSIER 13. ORDINATES ARE NUMBERS OF STARS; 
ABSCISSAE ARE 30° SECTORS. 
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evident. To overcome the small or accidental groupings of the stars 
it appears necessary to have several hundred in each sector. No import- 
ant systematic differences between diametrically situated sectors ap- 
pear in figure 2, and, to eliminate possible errors of centering, the mean 
of the numbers for opposite sectors may be combined in discussing the 


results. 
TABLE I 


ELLIPTICITY FOR DIFFERENT EXPOSURES AND MAGNITUDE INTERVALS IN MESSIER 13 


DURATION; TOTAL NUMBER OF STARS IN SECTORS 
PLATE NO. OF EX- NO. OF 


POSURE STARS A B Cc D E F G H I J K L 


— | ———— | ———S | ——__ | ——_ |X —————_ | | | | | | 


13 6m | 5,800 | 211) 149} 163} 198) 235) 256] 174} 154} 154) 213) 214} 235 
14 15 7,700 | 433) 264) 296) 305} 309} 401} 259) 230) 284) 314) 420) 396 
19 22 | 14,150 | 744) 672} 734] 738} 852) 825) 684} 583} 569} 638) 814) 859 
15 37.5 | 16,600 | 913) 770} 749| 763} 963|1011| 974) 804} 779) 853/1026)1008 
16 94 | 25,000 |1475)1340|1261]1361/1580}1590) 1486) 1343) 1338) 1431/1580/1590 
133 300 | 30,000 |1254)1234/1126)1258/1368]1300/1187|1085/1079)1232|1463)1416 
15 minus 13 702} 621) 586} 565) 728] 755] 800} 650] 625} 640) 812] 773 
16 minus 15 562] 570} 512} 598) 617} 579} 512} 539) 559) 578) 554) 582 
TABLE II 


ELLIPTICITY AND DISTANCE FROM CENTER IN MESSIER 13 


NUMBER OF STARS IN SECTORS 
DISTANCE FROM 


PLATE NO. setts 
A B Cc D E F G H I J K L 

16 Zo to v4 750| 668} 623} 670} 718) 778) 758) 683] 712) 728| 764] 762 
4 to 6 423] 361] 358] 394) 479) 438) 402} 352] 330] 386] 476) 464 

6 to 8 212) 207) 168} 198) 249] 248} 214] 194] 188] 202) 226) 236 

8 to 10 90} 104) 112} 99) 134] 126) 112] 114) 108} 115] 114) 128 

133 3 to>5 624) 640) 560) 662} 712} 658} 629} 597} 586] 642) 788) 684 
> to..7/ 410} 374| 362| 394) 424) 396) 358) 292} 302} 360} 431] 471 

i to'9 220| 220} 204) 202} 232| 246) 200} 196) 191] 230) 244| 261 

9 to ll 116) 136) 141] 100} 134) 157) 130] 124] 131] 129) 130) 118 


The relation of the ellipticity to brightness is also shown in Table I. 
Thus Plate 13 includes stars between photographic magnitudes 13 and 
17.3; the next to last row of the table refers to the interval 17.3 to 19, 
and the last row to the interval 19 to 20. The magnitudes depend 
mostly on extrapolations and are subject to some uncertainty. 

The plates of long exposure, Nos. 16 and 133, show a sufficient num- 
ber of stars in each sector to permit a subdivision with respect to dis- 
tance, the results of which are in Table II. Because of the relatively 
small number of stars, accidental deviations greatly mask whatever 
ellipticity exists in the outer ring. The counts of stars within distance 
2’ on the plates of shorter exposure also show the elliptical form, and 
give the same general orientation. 
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So far as this analysis goes, therefore, the axis of symmetry in Messier 
13 appears to be independent of magnitude, length of exposure, and 
distance from the center. It can be located visually on some of the 
photographs of the cluster, particularly in the burned-out central por- 
tion of the longer exposures. 


TABLE III 
EVIDENCE OF ELLIPTICITY IN OTHER GLOBULAR CLUSTERS 


fe) DURA- 
4 TION |TOTAL NO. NUMBER OF STARS IN SECTORS 
CLUSTER ay OF OF 
S 
|e ee | | A 8) oe ere | Fe | 
M2 5 |100.0m| 6,500 | 421} 404} 463} 508} 528} 521] 458] 416] 429] 458] 511) 464 


N.G.C. 5024| 102 {180.0 | 10,100 | 655] 686} 729] 730) 738] 699} 686] 692] 724) 679) 730) 656 
M15 23 | 37.5 | 9,000 | 343) 344) 350) 322) 338) 318) 336) 410) 374) 313] 320) 329 

24 | 94.0 | 20,500 |1057}1068)1126)1070|1056) 982}1103}1194)1158/1077|1044/1076 

25 1312.0 | 26,000 |1284)1357|1430) 13661354) 13161391] 1446]}1306)1322}1311]1278 

M10 117 | 60.0 | 5,800 | 288} 261) 290} 327) 324) 299] 284) 275) 316) 278] 297) 344 
114 {180.0 | 12,200 | 810} 839) 801| 777] 818] 814] 798] 792) 836) 816] 830) 861 


Oat sor 60° 90° 4) “pats: is0° S4B6s 0° 30° 


FIG. 3. AXES OF SYMMETRY IN GLOBULAR CLUSTERS. ORDINATES ARE NUMBERS OF 
STARS; ABSCISSAE ARE ANGLES OF DIRECTION. 
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An elliptical distribution of stars is not confined to the Hercules 
cluster. Counts for four other systems are summarized in Table III 
and plotted in figure 3. Three of them show unmistakable signs of 
elliptical form; the fourth, Messier 10, is a cluster with noticeably 
less condensation toward the center than usual. If the axes of sym- 
metry in the others represent the projections of galactic-like planes, 
it is possible that in Messier 10 there is such a plane of symmetry in- 
clined nearly 90° to the line of sight. The inclination to the equator 
of the projected major axis of Messier 13 is 152° (angle counted from 
Following through North). For Messier 2 and N. G. C. 5024 the in- 
clination is 133° and 105°, respectively, while for Messier 15, which 
is across the Milky Way, it is 60° and is nearly parallel to the galactic 
plane. 


1A bibliography of the more important of these rane aee) Or is given in Mt. Wilson 
Contrib. No. 115, (3-10), and No. 116, (4-8). 

2 Bailey, S. I., Cambridge, Ann. Obs. Harvard Coll., 76, (43-82). 

3 Shapley, a Observatory, London, 39, 1916, (452-456). 

4 Bailey, S. I., Asir. and Asiroph., Northfield, Minn., 12, 1893, (689-692). 

5 Washington, Carnegie Inst., Year Book, 12, 1913, (213); 13, 1914, (258). 


THE SHARE OF EGG AND SPERM IN HEREDITY 
By Edwin G. Conklin 


DEPARTMENT OF BIOLOGY, PRINCETON UNIVERSITY 
Read before the Academy November 13, 1916. 


1. Assumed Equivalence of Inheritance from Both Parents.—Practi- 
cally all students of heredity are agreed that there is a general equivalence 
of inheritance from father and mother, and O. Hertwig (1892) cites 
this as one of the evidences that the chromosomes only contain inheri- 
tance material, or ‘Erbmasse,’ since they alone come in approximately 
equal volumes from the two parents. Indeed phenomena of Mendelian 
inheritance demonstrate that, with respect to those characters which 
usually distinguish the two parents, there is equivalence of inheritance 
from each, and where offspring resemble one parent more than the other 
they are probably as frequently patroclinous as matroclinous. Further- 
more, the distribution of chromosomes in maturation, fertilization and 
cleavage is exactly parallel to the distribution of Mendelian factors, 
which practically demonstrates that the chromosomes are the seat of 
these factors. 

This conclusion has led many students of heredity to regard the cyto- 
plasm of the germ cells as of no significance in heredity. Both egg and 
sperm contain cytoplasm which is differentiated, in the former for the 
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nutrition of the embryo, in the latter for bringing the sperm into union 
with the egg; but in neither case is this differentiated cytoplasm directly 
concerned in heredity. ‘The highly differentiated cytoplasm of the 
spermatozoon is either left outside the egg when its nucleus enters, or 
it undergoes de-differentiation within the egg; at the same time the egg 
cytoplasm ceases to form yolk, while the yolk which has been formed 
is gradually used up in the nourishment of the embryo. Consequently 
since these particular differentiations of the germ cells disappear after 
the union of egg and sperm it has been generally supposed that all 
cytoplasmic differentiations of these cells are wiped out at this time, 
and that the first differentiations of the new individual begin at the 
moment of fertilization in a wholly undifferentiated cytoplasm. 

In the higher animals at least most of the cytoplasmic differentia- 
tions of the spermatozoon are lost after it enters the egg, though some 
differentiations such as centrosome, plastosomes and archiplasm may 
persist; however there is the most positive evidence that many differ- 
entiations of the egg cytoplasm persist and play an important part in 
embryonic differentiation. 

2. Egg Differentiations which persistin Embryo and Adult.—(1) Polarity. 
The polarity of the egg invariably determines the polarity of the em- 
bryo and adult. In all animals the chief axis of the egg becomes the 
chief axis of the gastrula, and this becomes the chief axis of the adult 
in sponges and coelenterates (protaxonia), or, as in all other metazoa 
(heteraxonia), this axis is bent on itself by the greater growth of the 
gastrula on its posterior side so that the chief axis of the adult is a modi- 
fication of the gastrular axis. In either case the polarity of the unfer- 
tilized egg determines the localization of developmental processes and 
ultimately the polarity of the developed animal. 

(2) Symmeiry. In most animals the egg is spherical in shape and 
appears to be radially symmetrical, nevertheless observation and experi- 
ment show that such eggs are sometimes bilateral, as is probably the 
case in Amphioxus, ascidians, fishes and frogs. In the case of the 
frog’s egg it was long believed that the plane of bilateral symmetry was 
determined wholly and exclusively by the path of the spermatozoon 
within the egg; more recently it has been shown by Brachet (1911) that 
primary bilateral symmetry is present before fertilization, though after 
fertilization the plane of symmetry may be shifted into the path of 
the spermatozoon. It is probable that all bilateral animals come from 
eggs which show a similar primary bilaterality and that this differen- 
tiation precedes fertilization. In cephalopods and some insects all 
the axes and poles of the developed animal are already recognizable 
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in the egg before fertilization. Symmetry, therefore, as well as polarity 
is derived from the egg and not from the sperm. 

(3) Inverse Symmetry (Asymmetry). In many animals the right and 
left sides of the body are not completely alike, and this is especially 
true of internal organs. This asymmetry is especially well developed 
in gasteropods in which certain organs of one side of the body are entirely 
lacking; some species or individuals have these asymmetrica] organs 
on one side, others on the other side, and correspondingly the snail shell 
coils in a clock-wise direction in one case, an anticlock-wise direction 
in the other. It was discovered by Cramptom (1894) and Kofoid (1894) 
that in sinistral species the direction of certain cleavages of the egg 
(viz. the third to the sixth) was the reverse of the corresponding cleav- 
ages in dextral species and Conklin (1903) showed that the first and 
second cleavages also were in opposite directions in dextral and sinistral 
snails. Consequently the ‘inverse symmetry’ of these snails may be 
traced back through the later and earlier cleavage stages to the unseg- 
mented egg itself which is inversely symmetrical in sinistral as com- 
pared with dextral forms. 

(4) Types of Egg Organization. The polar differentiation of an egg: 
is manifested particularly in the localization of different kinds of ma- 
terials in different parts of the egg. These materials may be inert 
pigment or yolk, but their localization by the activity of the cytoplasm 
indicates a definite pattern of organization in the cytoplasm. This 
pattern of egg cytoplasm differs greatly in certain phyla, there being 
a coelenterate type, an echinoderm type, an annelid-mollusk type, 
and a chordate type. The type of egg organization foreshadows the 
type of adult organization; in ascidians for instance distinct cytoplasmic 
substances are found in the egg in the same relative positions and pro- 
portions as the ectoderm, endoderm, mesoderm, notochord and nerv- 
ous system of the embryo. 

That the fundamental pattern of egg cytoplasm is not influenced by 
the spermatozoon is proved by the following facts: 

a. It exists before fertilization, or it appears so soon after that it 
could not have been caused by the sperm. 

b. In heterogeneous fertilization the pattern of the egg is not changed 
by the foreign sperm. 

c. Natural or artificial parthenogenesis demonstrates that this pat- 
tern exists in the absence of fertilization. 

These as well as other facts such as the correspondence between 
the size of the egg and the size of the embryo (Morgan); the transmis- 
sion of chromatophores and peculiarities of leaf coloration by the fe- 
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male and not by the male germ cells in plants (Baur, Shull); the trans- 
mission in the egg cytoplasm of fat stains, chemical substances, im- 
munizing bodies and possibly parasites prove that, “at the time of 
fertilization the hereditary potencies of the two germ cells are not equal, 
all the early development, including the polarity, symmetry, type of 
cleavage, and the relative positions and proportions of future organs 
being predetermined in the cytoplasm of the egg cell, while only the 
differentiations of later development are influenced by the sperm. In 
short, the egg cytoplasm fixes the type of development and the sperm 
and egg nuclei supply only the details’? (Conklin 1908). 

Ontogeny begins with the differentiation of the egg in the ovary and 
not at the moment of fertilization; at the latter time some of the most 
general and fundamental differentiations have already occurred. In- 
deed the cytoplasm of the egg is the more or less differentiated body 
of the embryo. 

3. Is Inheritance through the Egg Cytoplasm Non-Mendelian?—When- 
ever a character is transmitted as such through the egg cytoplasm and 
not as factors in the chromosomes of egg and sperm it is not inherited 
in Mendelian fashion. Thus if chromatophores are transmitted from 
generation to generation in the cytoplasm of the egg and are at no time 
influenced by the sperm, their mode of inheritance is non-Mendelian. 
If the polarity, symmetry and pattern of the egg do not arise during 
oogenesis, but are carried over unchanged from generation to generation 
they are also non-Mendelian characters. With regard to the polarity 
of the egg, it is not certain whether it is transmitted in this manner or 
not; but its symmetry and pattern of organization are evidently developed 
anew in each generation. It is a significant fact that in oogonia and 
spermatogonia the volume of the nucleus is sometimes greater than 
that of the cytoplasm, and in all cases it is relatively greater in early 
stages of the genesis of the sex cells than in later ones. In general the 
relative volume of nucleus and cytoplasm is a good measure of the 
differentiation of the latter. Most of the cytoplasmic differentiations 
of the egg and sperm arise during the genesis of those cells, just as in 
the case of tissue cells. Nerve cells and muscle cells differentiate under 
the influence of maternal and paternal chromosomes, and undoubtedly 
the same is true of most of the differentiations of egg and sperm; but 
while some of these egg differentiations persist in the new individual 
those of the sperm do not. Consequently, in each generation the egg 
contributes more than the sperm to ontogeny. ‘There is cytoplasmic 
inheritance through the female only, but these cytoplasmic characters 
are themselves of biparental origin. 
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This is Mendelian inheritance though somewhat complicated by the 
fact that every ontogeny has its beginnings in the preceding generation. 
Therefore, the conclusion which I recently expressed (Conklin 1916) 
viz. that polarity, symmetry and. pattern of egg organization are non- 
Mendelian characters, is not justified. 

Somewhat similar phenomena have been described by McCracken 
(1909); and Toyama (1913) in silk worms and by several authors (Locke, 
Castle, et al) in the seed characters of maize, wheat, etc. McCracken 
found that when two races of the silk worm are crossed one of which 
produces one brood a year (univoltin) and the other two (bivoltin), 
the F; offspring are all like their mother and in the Fe generation “‘the 
broods fail to follow both parents in the expected proportions. There- 
fore,” she concludes, “‘the Mendelian law does not hold in this case.” 
Castle (1910) has criticised this conclusion and has explained these re- 
sults on the ground that voltinism is inherited through the egg and that 
univoltinism is a Mendelian dominant to bivoltinism. Toyama (1913) 
has described in detail the mode of inheritance of several egg characters 
of silk worms and has shown that whereas these seem to be non-Men- 
delian they are in reality Mendelian, ‘“‘the cause of disturbance of the 
proper order being due to the fact of maternal inheritance, in which pa- 
ternal characteristics remain dormant, even though dominant in the 
egg stage.” 

Brachet, A., Arch. biol. Paris-Brusselles, 26, 1911, (337-364). 

Castle, W. E., J. Exp. Zool., 8, 1910, (185-192). 

Conklin, E. G., Anat. Anz., Jena, 23, 1903, (577-588); Science, New York, 27, 1908, 
(89-99); Heredity and Environment, 2d Ed., Prixceton, 1916. 

Crampton, H. E., Ann. N. Y. Acad. Sci., 1894, (167-169). 

Hertwig, O., Zelle und Gewebe, Jena, 1892, (1-296). 

Kofoid, C. A., Boston, Proc. Amer. Acad. Arts. Sci., 29, 1894. 


McCracken, I.,. J. Exp. Zool., 7, 1909, (747-764). 
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A CONTRIBUTION TO THE PETROGRAPHY OF THE ISLAND OF 
BAWEAN, NETHERLANDS INDIES 


By J. P. Iddings and E. W. Morley 


BRINKLOW, MARYLAND, AND WEST HARTFORD, CONNECTICUT 
Communicated, December 21, 1916 


The mountainous island of Bawéan, between Java and Borneo, was 
formerly a group of volcanoes, now extinct and considerably eroded. 
It is about 9 miles in diameter, and the highest peaks are 2000 feet above 
the sea. The original form of the cones and craters has disappeared, 
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and sharp peaks with steep spurs and deep valleys, covered with tropi- 
cal vegetation, constitute the dominant features of this picturesque and 
thickly populated island. | 

Verbeek, who with Fennema described Bawéan in their report on Java 
and Madura, noted the presence of leucitic and nephelitic lavas, to- 
gether with trachytes, andesites and intermediate varieties. During 
a visit of four weeks in 1914 one of us collected rocks from numerous 
localities and studied the relations of the lavas to one another, so far 
as the covering of soil and vegetation would permit. Some of the 
specimens collected have been analyzed by Dr. Morley, and are the 
first rocks from Bawéan to be analyzed, so far as known to the writers. 

The bulk of the lavas appear to be dark basaltic rocks with small 
phenocrysts of augite. They vary somewhat in habit, owing to the 
size and prominence of the phenocrysts and the denseness of the ground- 
mass. ‘They occur mostly as breccias, or tuffs containing blocks of 
various sizes, and to a less extent they are massive flows and dikes. 
They appear to constitute the body of the central mountains, and to be 
the older, or main mass of erupted material. With these basaltic rocks 
are associated lighter colored massive lavas, phonolites and trachytes, 
which form hills, spurs and ridges in all parts of the island. They ap- 
pear to have been erupted from fissures, possibly from parasitic cones, 
on the flanks of the basaltic volcanoes, and probably were the latest 
eruptions in the district. However, no definite relations, or contacts, 
of the various bodies of lava were observed, the relative ages of the 
basaltic and phonolitic lavas being indicated by their modes of occur- 
rence, which are like those of similar lavas in other volcanic districts 
in this part of the world. 

Upon microscopical study it is found that the basaltic lavas are almost 
wholly leucite-bearing olivine-augite rocks with subordinate amounts 
of feldspar, both calcic plagioclase and alkalic feldspar, in part antho- 
clase, besides nephelite. These minerals vary in relative amounts in 
different lavas, and are variously developed according to the degree 
to which the rocks have been cystallized. In some instances the 
constituents of the groundmass are so minute as to be obscure and identi- 
fiable with difficulty. In such cases it is the alkalic feldspar and nephelite 
or leucite that is ill-defined. Judging by the better crystallized rocks, 
three of which have been analyzed chemically, analyses 1, 2, 3, the 
basaltic rocks are mostly vicoites, that is, leucite-nephelite-basalts with 
subordinate amounts of alkalicalcic feldspar and orthoclase. Some 
have more plagioclase and approach leucite-basanites or leucite-tephrites. 
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No rocks were collected which could be classed as andesites, nothing 
resembling the andesitic lavas so common on Java. 

The rock, whose chemical composition is shown in analysis 1, is dark 
colored with abundant phenocrysts of augite, which are green in thin 
section, and with fewer of olivine. The groundmass is holocrystalline, 
and consists of leucite and prismoids of plagioclase, partly inclosed in 
poikilitic orthoclase and nephelite. There is some magnetite. The 
mode is richer in leucite than the norm, and poorer in nephelite, owing 
to the presence of albite molecules in the lime-soda-feldspars. There 
is less orthoclase also in the mode than in the norm. 

The rock, from which analysis 2 was made, is from the same locality 
as the first, but differs from it somewhat in habit, being more distinctly 
porphyritic, with phenocrysts of green augite which are markedly 
zonal in thin section. The groundmass consists of augites, small olivines, 
pronounced leucites, with less conspicuous prismoids of plagioclase, 
and some magnetite. The ill-defined matrix probably contains ortho- 
clase and nephelite. The mode of this rock is much richer in leucite 
than the norm, with other corresponding differences in the felsic con- 
stituents. These two rocks occur at the Falls of Grotjokan, near the 
center of the island. 

The rock of analysis 3 occurs on the southwest coast of the island. 
It is light gray, with small, inconspicuous, phenocrysts of augite and 
scattered olivines. The holocrystalline groundmass consists of anhedral, 
poikilitic, lime-soda-feldspars, with microcline-like polysynthetic twin- 
ning, besides poikilitic orthoclase. Both kinds of feldspar inclose euhe- 
dral microlites of leucite and nephelite. Thic rock is more feldspathic 
than the vicoites just described, and its chemical analysis and norm 
show that it is transitional to the rock of analysis 1, and that it be- 
longs in the magmatic division II. 7. 2. 3 of the Quantitative System 
of Classification. It is proposed to name this division, II. 7. 2. 3, 
baweanose, for, although the rock from Tandjung Anjer is transitional 
in composition, other varieties of lava will probably be found on Bawéan 
which will be still more salic, and will have a composition correspond- 
ing to the symbol] II. 7. 2. 3. 

The phonolitic lavas of the island belong to several varieties. Most 
of them are nephelite rocks with small phenocrysts of orthoclase and 
nephelite in a groundmass of alkalic feldspars, nephelite and pale green 
augite, with some sodalite; others, with similar phenocrysts, consist 
of minute enhedral nephelites, anhedral, microperthetic, alkalic feldspar, 
and clusters of poikilitic aegirite-augite with small prismoids of what is 
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TABLE OF CHEMICAL ANALYSIS AND NorMS OF BAWEAN LAVAS 


1 2 3 4 5 6 

SIO ats hie ee a ee ay te 45.85 45.81 47.76 55.89 55.25 |: 53.58 
Alo Ons ete eine lo vats tetiltele 13.88 15.61 17,229 20.93 22.98. | hese 
Fe.Os Brsveiatshe crs herslvenetielioheh steseuers 3.89 3.98 2.89 1 82 1 85 2 16 
CO a Seiciara ae yey staan 4.81 4.94 T3305 0.42 0.58 1.17 
WES O seis Re Re eae oats 7.69 4.78 4.22 0.32 0.06 0.71 
Gr) 8 MGA Ns heey ae EEN DN 7 11.62 11.66 8.06 1.23 1.35 2.89 
INDO Gait kia ee ean 3.08 6) ah 4.70 10.06 8.85 5.31 
KO MUA teateatee RONEN SUC A 4.32 4.31 6.77 6.18 7.29 4.74 
TO Fe eR coe ieee 0.64 0.35 0.97 0.87 0.82 3.56 
PO aise Obs tira sat: 0.50 0.40 0.76 0.26 0.08 2.34 
BK ap cae ane Re aA 1.09 0.96 0.75 0.23 0.19 Oxar 
TE OF ideas ade neti, BORER pes a 0.00 0.00 0.01 tr ir 0.00 
CG a pare Aa an rE RA oa 0.50 1.91 0.11 0.10 0.00 0.00 
PaO pai iat) teeta Wis da bebe 0.93 0.75 0.78 0.18 0.11 0.23 
Glee pone cecil wiccnadonns 0.15 0.26 0.25 0.33 0.39 0.59 
eles ett ce ekecets ote ty sen yaaa 0.03 0.03 0.09 0.09 0.12 0.02 
RO gree tea nase coat ete toate, ere cate 0.05 0.05 0.03 0.06 0.05 0.06 
CrsOge sack Gee cts 0.06 0.02 0.03 tr 0.01 tr 

Win Q's 5 cere tears: abner an tiahe 0.31 0.20 0.41 0.96 0.20 0.61 
Bar eric tieg ac ea told eras 0.14 0.17 0,12 0.06 tr 0.13 
STO ce tote nee eee 0.07 0.07 0.12 tr 0.05 0.13 


————_— | FS Fs | | | 


Norms 
OPE Oe, Yee foe erates 17.79 23.35 24.46 36.70 43.37 27.80 
£1 OR CU eee eee Dea Pee UL) ROR 20.96, 18.86 | 40.35 
C2) 9 le Va MARS OU MRR nS) 12.42 15.01 6.12 .28 14.18 
1D oi hem SE PELCLCY ag tia as 14.20 15.05 21.58 28.12 30.39 2.27 
LCE cet bod deed tates eae ee 6.10 1.74 12.21 
OOO co ON ae Sk, 3h ae ene eee 2.35 
ECO AU a AG eee 5.08 
17 a aa Re LPT 1.46 
ChB Re Wyo a ON ee a) ee 32.85 30.34 23.10 4.77 0.22 
WO Shp sean se otad. Noi. cok an AMS 2.20 
(6) HORNY SR i Reed ARM RE ORE 5.60 1.39 2.36 0.44 1.87 
0) Sa Asie eee SUE MA de 5.80 5.80 4.18 1.86 3.25 
| co eae en aR ee ae aU ARE 0.64 
TUM ge: Mek er Uap ate eee 2.13 1.82 1352 0.46 0.46 0.76 
BD Ue me ies erie whe crs eb 2.02 2.02 2.02 0.34 0.34 0.34 
ELC ee ees sealers cueeg 1.93 3.02 Peps ies E 152 6.57 


| | ee  _ | es 


99.54 99 .54 99.80 100.04 | 100.14] 99.74 


. Vicoite, shonkinose-cascadose, III. ’7. 2. 3, Grotjokan Falls. 

. Vicoite, ourose-shonkinose, ‘IIT. 6. 2(3). 3, Grotjokan Falls. 

. Vicoite, janeirose-baweanose, IT (III). 7. (1)2. 3, Tandjung Anjer. 

. Tinguaite, miaskose-laurdalose, (I)II. 6’. 1. ’4. S. of Limpang Kopeng. 

. Tinguaite, beemerose-miaskose, I. 6’. 1. (3)4, S. W. spur Gunung Besar. 

. Sodalite-trachyte, pulaskose-laurvikose, I’. 5. 2. (3)4, West side of Pulu Mepuri. 
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probably colorless pyroxene, possibly jadeite. This tinguatic phonolite 
forms fissile massive bodies, having a chemical composition shown by 
analyses 4 and 5; one from south of Limpang Kopeng in the east cen- 
tral part of the island, the other from a southwest spur of the central 
mountain, Gunung Besar. 

Other phonolitic rocks have a trachytoid groundmass of prismoid 
alkalic feldspars with small leucites in some varieties, and minute en- 
hedral sodalites in others. Still fewer are trachytes with almost no 
recognizable feldspathoid constituent. 

Analysis 6 is of a sodalite-trachyte which appears to contain some 
kaolinite, but the thin section does not show the presence of any hy- 
drous mineral. The chlorine in the analysis corresponds to 8% of 
sodalite. 

The rocks from Bawéan so far analyzed are strongly alkalic, with 
relatively high potash in the vicoites. They are chemically similar 
to the leucitic rocks of Mount Mourah in Java, and to the leucitic and 
nephelitic rocks of the Maros district in Celebes, but they differ in 
petrographical characters from the rocks of both these districts. 


THE PHYLOGENETIC DEVELOPMENT OF SUBAPTEROUS AND 
APTEROUS CASTES IN THE FORMICIDAE 


By William Morton Wheeler 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 
Read before the Academy, November 14, 1916 


It is generally admitted that each of the four groups of social insects— 
the social bees, social wasps, ants and termites—has had an independent 
phyletic origin and history and that the similarities in their habits are 
due to parallelism, or convergence, of which, indeed, they exhibit strik- 
ing examples. In both the fertile and sterile females of social wasps 
and bees the wings show no signs of reduction, whereas these appen- 
dages are well-developed in the fertile females (females proper) of the 
great majority of ants, at least prior to fecundation, but are normally 
always absent in the sterile females, or workers. Paleontology proves 
that identical conditions have long existed in the Formicidae as a fam- 
ily, since they are clearly shown in the abundant and beautifully pre- 
served ants of the Baltic amber from the Lower Oligocene Tertiary.! 

Writers also agree that the ants must be descended from certain 
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primitive wasps belonging to the families Scoliidae, Mutillidae and 
Thynnidae, but authorities differ as to which of these families should 
be selected as the most probable ancestors. Emery? believes that the 
ants arose from the Mutillidae, Forel from the Thynnidae and Hand- 
lirsch? from the Scoliidae. But as all three families are so closely re- 
lated to one another that authorities fail to assign them the same limits, 
the differences of opinion are after all not very pronounced. 

Handlirsch* advances the opinion that the ants first made their ap- 
pearance during the Cretaceous, but I am inclined to seek their origin 
in an earlier period, during the Jurassic or possibly even as far back as 
the Triassic. According to Schuchert,> these were periods of maxi- 
mum continental emergence and aridity and would therefore present 
what I conceive to be the optimum environmental conditions for the 
development of the family Formicidae. The insects most closely re- 
lated to the ants (Thynnids, Scoliids, Mutillids) are very decidedly 
xerothermic and hence confined to deserts or to hot sandy and gravelly 
situations, and the ants present a number of peculiarities which seem 
to indicate more or less clearly that they originally lived and developed 
in the same kind of a habitat. They are at the present time extra- 
ordinarily abundant in species and individuals in the desert regions 
of the globe (Australia, North Africa, Sonoran Regions of North America) 
and as a group seem to show in their inherited small average stature 
the stunting effects of an arid environment. The great majority of 
species have retained the primitively terrestrial and fossorial habit, 
which is an obvious adaptation to avoiding intense heat, insolation and 
evaporation during the summer months and the cold of nights and of 
the winter. The aptery of the workers and dedlation in the females 
are closely connected with such habits. Most of the species, moreover, 
are decidedly petrophilous and many are exquisitely hypogaeic. The 
marriage flight, to which the males and females of most of the species 
so rigidly adhere, would seem to be a habit that had originated in open, 
unobstructed country. The adaptations, though numerous and intri- 
cate, to living in mesophytic and hygrophytic forests (Amazonian and 
East Indian rain-forests) are clearly secondary and of much more re- 
cent origin. 

That the workers of ants originally possessed wings like the females 
is shown by the presence of minute vestiges of these organs in the larval 
and pupal stages® and by the occasional, pathological development of 
very small wings in the adult. This condition occurs in the ‘pterergates’ 
found by Donisthorpe’ and myself’ in certain species of Myrmica, Cryp- 
tocerus and Lasius. The development of aptery, with the concomitant 
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simplification of thoracic structure (micronoty) so universal in the workers, 
is evidently a phylogenetic process, which was completed in most ant- 
genera before the Lower Oligocene. A piery is, of course, to be care- 
fully distinguished from dedlation, the dropping of the wings by the 
female ant immediately after fecundation. Ded&lation is really a form 
of mutilation (autotomy) which has been practiced by female ants for 
millions of years without necessarily entailing any modification or diminu- 
tion in the development of wing structures. Compared with this case 
of the non-inheritance of mutilations, the cases usually cited in the 
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Winged, macronotal female of Monomorium rothsteini Forel var. humilius Forel, lateral 
view. 


text-books, such as circumcision and the docking of tails in mice, are 
insignificant, because they refer to such limited series of generations. 

There are a few genera of ants, especially in the subfamily Myrmi- 
cinae, in which it is possible to trace all the transitions in thoracic struc- 
ture from that of the female to that of the worker, except that, in all 
cases hitherto recorded, the wings show no transitions, but are per- 
fectly developed in the typical female and entirely lacking in all the 
other forms of the series. Good examples are certain species of Myrme- 
cina (M. graminicola) and Leptothorax (L. emersoni), but of all the genera 
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I have studied Monomorium is the most instructive in this connection, 
because at least two of its species exhibit a normal and hitherto un. 
suspected condition of subaptery in the female. Some years ago Forel? 
described a Monomorium rothsteint from worker specimens received from 
Queensland, Australia, and later distinguished two varieties of it, 
humilius,'° from Tennant Creek, Central Australia and Jeda," from 
northern Queensland. During December, 1914, I observed many colo- 
nies of rothsteini in various localities in Queensland. The workers of 
this species store their subterranean nests with small grass-seeds and 
are therefore harvesters, like the species of Holcomyrmex, now regarded 
as a subgenus of Monomorium. Among a lot of ants recently received 
from the Museum of South Australia I find a large series of cotypes of the 
var. humilius comprising 14 specimens of the female, which was unknown 
to Forel. This phase measures 7—7.5 mm. and has long, well-developed 
wings (6.8-7 mm.). In the same collection I find three series of a closely 
allied species, which I shall describe in another place as M. subapterum 
sp. nov. ‘Two of the series, representing the typical form of the species, 
comprise numerous workers, 10 males and 10 females (5 dealated) taken 
by Mr. W. D. Dodd on the Harding River in North West Australia 
and one female and several workers taken by the same collector at 


Derby in the same region. The remaining series represents a color 


variety of subapterum, which I shall call bogischt var. nov., comprising 
several workers and four females (three dedlated) from Point Wake- 
field, South Australia (G. P. Bogisch). The winged females in all three 
series measure 6.5—7 mm. and agree in having very small wings, measur- 
ing only 3 mm., and a distinctly smaller thorax than rothsteint. ‘There 
are other specific differences which need not be discussed at the present 
time. Figs. 1 and 2, drawn to the same scale, show the differences in 
wing and thoracic structure between the females of the two species, 
corresponding to what may be called the macronotal, winged and me- 
sonotal, subapterous types respectively (1 and 2,p.114). The males of 
M. rothsteini and subapterum show no differences in the size and develop- 
ment of the wings, which in both are large and of the usual structure. 
There can be no doubt that the dedlated females of two of the series 
of subapterum originally bore small wings like the nondedlated individuals. 
The fore wings have a singular truncated apical border, as if they had 
been trimmed with scizzors, and this appearance is accentuated by the 
fact that the membranes are as thick at the border as at the base. Itis 
certain, however, that the wings have not been reduced to their present 
form by the mandibles of the ants. ‘The venation is abortive, only the 
submarginal vein being distinct, although the fore wings show faint 
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traces of the basal portions of some of the other veins. Brues” distin- 
guishes three classes of vestigial wings among insects: those having 
essentially a pupal character, those essentially normal, except for their 
smaller size and less complex venation and those consisting of little more 
than a hollow bag, without venation. The wings of M. subapterum 
evidently belong to the second class. 

In six specimens of a pale variety of Monomorium rubriceps Mayr 
(cinctum var. nov.) taken by Mr. Albert Koebele in Victoria, Australia, I 
find the following graduated series of forms connecting the subapterous 
female with the typical worker. One specimen (fig. 3a and 6), meas- 
uring 6.5 mm. has the ocelli well-developed, the thorax rather small 
but with distinct mesonotum, scutellum, metanotum, paraptera and 


Subapterous, mesonotal female of Monomorium subapterum sp. nov., lateral view. 


tegulae, with stumps of wings and on the right side one nearly entire 
posterior wing. ‘The latter is evidently vestigial, though its tip is lack- 
ing. The remaining vestigial wings have evidently been lost by dedlation. 
This specimen is therefore a partially dedlated female in a more ad- 
vanced stage of subaptery than the female of M. subapterum. A second 
specimen (fig. 3c) is slightly smaller and has a similar thoracic structure, 
except that the tegule and paraptera are lacking and the thorax has 
never borne wings. A third and fourth specimen (fig. 3d) measure 
4.5-5 mm. and have small ocelli and the thorax is still more reduced 
and worker-like, but the mesonotum, though small and flat, is distinct 
and there is a visible promesonotal suture and a metanotal sclerite. 
The two remaining specimens, 3.5-4 mm. long (fig. 3e), are normal 
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workers, without distinct mesonotal and metanotal sclerites and with- 
out ocelli. The first specimen is therefore of the subapterous meso- 
notal type, the second is apterous and stenonotal, the third and fourth 
are ergatogynes. Thus the three species, M. rothsteini, subapterum 
and rubriceps together represent all the principal stages from the per- 
fect female to the worker. 

My study of the large genus Monomorium shows that in some species 
the only females are stenonotal and apterous (M. floricola, carbonarium, 
etc.), whereas in others they are ergatogynes (M. venustum, schurri, 
etc.). In still other species both winged and ergatogynic forms occur 
(lee, dichroum, etc.). This “morphological restlessness” of the female 
is evidently a survival of a condition which was once common to all 
ants but which has disappeared in most genera through a survival of 
the two extremes of the graduated series of forms, the macronotal, 
winged form (female proper) and the micronotal, apterous form (work- 
er), and the suppression of all the intermediate phases. That the 
species of Monomorium should retain so complete a picture of the various 
stages that have led up to the development of the worker caste is not 
surprising when we stop to consider that the genus is one of the most 
primitive in the subfamily Myrmicine. This is shown by its simple 
morphological characters, the present cosmopolitan distribution of its 
species, their dominance in the ant-faunas of regions noted for the archaic 
character of their biota (Africa, Southern Asia, Australia and New 
Zealand), and the known geological age of the genus, which is repre- 
sented in the Baltic amber by two species differing but slightly from 
existing forms. Space forbids a discussion of a few other Formicid © 
genera in which a similar diversity of females is known to occur. Among 
the ants as a family we may conveniently recognize the following female 
types which at the same time represent stages in the phylogenetic de- 
velopment of the worker: 

1. The macronotal, winged female.—Most ants. 

2. The mesonotal, subapterous female.—Monomorium subapterum — 
and rubriceps var. cinctum. 

3. The stenonotal apterous female.—Some species of Monomorium, 
Anochetus, Myrmecia, Odontomachus hastatus, etc. 

4. The micronotal female, or ergatogyne-—Some species of Mono- 
morium and Crematogaster, Polyergus refescens. 

5. The ergatoid female——Leptogenys, Acanthostichus, Sphinctomyr- 
mex, Onychomyrmex, Paranomopone. These forms grade into the 
‘dichthadiigynes’ of the Doryline. 
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6. The gynaecoid worker—Ocymyrmex, Leptomyrmex, Diacamma, 
Rhytidoponera, etc. 

In this connection it is interesting to note that a series of forms be- 
tween the winged female and worker closely paralleling those described 
in the preceding paragraphs, may be developed in ants as the result 
of parasitism and therefore under pathological conditions. Mrazek,” 
Donisthorpe and I* have shown that small-winged or subapterous 
females (‘mermithogynes’) are produced in Lasius mger by the presence 


FIG. 3 


Monomorium rubriceps Mayr. var. cinctum var. nov. a, Mesonotal, incompletely dedlated, 
subapterous female, lateral view; 0, thorax of same, dorsal view; c, thorax of stenonotal 
apterous female, dorsal view; d, thorax of ergatogyne (micronotal female), dorsal view; e, 
thorax of worker, dorsal view. 


of Nematode worms (Mermis sp.) in the abdominal cavity, and Was- 
mann’ and others have demonstrated that ‘pseudogynes,’ i.e., forms 
closely resembling ergotogynes and ergatoids, are produced by the 
parasitism of Lomechusine beetles (Lomechusa, Atemeles, Xenodusa) 
on the ant colony as a whole. Gynaecoid workers, finally, may be de- 
veloped by what really amounts to a pathological disturbance in the 
trophic status of the colony when it loses its queen. 

Attention may also be called to a parallel tendency to aptery and 
micronoty in the males of certain ant-genera. Thus the male of Sym- 
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myrmica chamberlini has lost its wings, but apparently so recently that 
it still retains the typical male structure of the head, antennae and thorax, 
even to the development of the Mayrian furrows. In several other 
genera (formicoxenus, Cardiocondyla, Ponera), however, the males 
have acquired the same structure of the head and thorax as the worker, 
so that they can be distinguished only by their genitalia and the num- 
ber of their antennal joints. In one species (Anergates atratulus) the 
apterous male degenerates still further into an almost pupoidal condition. 

The facts briefly presented in the preceding paragraphs seem to me 
to have an important bearing on the question of continuous variation 
versus mutation in the production of organic forms. In most species 
of ants the constant and striking structural differences between the 
different castes would, at first sight, suggest that such forms as the 
apterous females, apterous males, soldiers and workers, must have 
arisen as so many saltatory variations, or mutants and that they sur- 
vived and secured representation in the germ-plasm, because they 
happened to fulfill specialized and useful functions in the life of the 
colony. I believe, however, that this view of the castes, at least so 
far as their origin is concerned, cannot be maintained, because all the 
available evidence points to their being merely the surviving extremes 
of graduated and continuous series of forms, the annectant members 
of which have suffered phylogenetic suppression or extinction. ‘This 
is most clearly seen in the case of the soldier and worker. Only within 
comparatively recent time, i.e., probably since the middle Tertiary, 
has the originally monomorphic worker caste become polymorphic 
in certain genera (Camponotus, Atta, Pheidologeton, some species of 
Pheidole), i.e., developed a complete series of workers ranging from 
huge-headed major workers or soldiers (macrergates, dinergates) 
through intermediates of various sizes (desmergates) to small workers 
(micrergates). There is much evidence to show that in some genera 
(e.g., Pheidole, Oligomyrmex, etc.) all the forms in this series, except 
the dinergates and micrergates, have been suppressed, so that a marked 
dimorphism of the worker caste, simulating an origin of one or both 
of the forms by mutation, has been produced. In other genera (Care- 
bara, many Solenopsis) the soldier form has also been suppressed, so 
that the worker caste has again become monomorphic through the sur- 
vival of nothing but the smallest forms (micrergates) of the originally 
graduated series. Finally, in certain parasitic ants, (Anergates, Aner- 
gatides, Epecus, Wheeleriella, etc.) the last traces of the worker caste 
have vanished, just as in several Australian genera (Leptomyrmex, 
Rhytidoponera, Diacamma)" and the South African Ocymyrmex'® the 
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female caste has been abolished and its reproductive function trans- 
ferred to gynaecoid workers, i.e., to forms differing from ordinary workers 
only in their ability to produce worker as well as male offspring. It is 
very probable that even this abolition of whole casts has been accom- 
plished by very slow and gradual processes and not by sudden varia- 
tions, or mutations. 
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REFRACTIVITY DETERMINED IRRESPECTIVE OF FORM, BY 
DISPLACEMENT INTERFEROMETRY 


By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY! 
Communicated December 13, 1916 


1. Iniroductory.—Some time ago? I made a number of experiments 
on the use of curilinear compensators in connection with the displace- 
ment interferometer. It is obvious that the curvature in such a case 
must be very small, so that single lenses for the purpose are not easily 
obtained. The use of a doublet of two lenses of the same glass but 
respectively convex and concave, meets the case fairly well, the neces- 
sary refracting power being obtained by spacing the doublet. Lenses 
of about one diopter each gave the best results, bringing out fringes 
of quasi-elliptic and hyperbolic symmetry in great variety. 

Later it appeared as if plates of different varieties of glass, as for 
instance crown and flint, if placed in the two interfering beams would 
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produce the same phenomena. The flint plate used, however, ah 
to be inadequately plane, so that the result is in doubt. 

More recently I have endeavored to secure similar results by cubes 
ing the lens (convex or concave) in a liquid of about the same index 
of refraction. This method would seem to be interesting in other 
respects; for it is probable that the index of the solid may be deter- 
mined in this way irrespective of form.? If for instance the liquid 
and the solid have the same index, one would be tempted to infer that 
the latter may be removed or inserted, without displacing the center 
of ellipses at the particular wave length under consideration. ‘The index 
of the liquid in place is then also determinable by the interferometer, 
to a few units in the fourth place. Unfortunately the problem is not 
so simple. 

If experiments of the present kind are to be accurate, it is obvious 
that the walls and cavity of the trough in which the lenses are to be 
submerged must be optically plane-parallel. Otherwise some compen- 
sating adjustment must be made at the opaque mirrors of the inter- 
ferometer and for this no adequate allowance can be made. It did not 
however seem worth while to provide expensive apparatus, before the 
method had been worked out in detail. Accordingly the present ex- 
periments were conducted with troughs of ordinary plate glass put 
together by myself, and little attention was given to absolute values 
of index of refraction, as such. 

2. Preliminary experiments.—The first experiments were made on a 
large linear interferometer with distances of nearly 2 meters between 
the mirrors. The rays in such a case are all very nearly parallel. Sun- 
light, arc light or the Nernst filament were each available for illumina- 
tion. With a very long collimator (2 meters) and wide single lens ob- 
jective (10 cm. or more), the Nernst filament may be used directly in 
place of the slit. 

On inserting the trough with a thickness of 1.3 cm. of CSe solution 
normally into one component beam, the original very large ellipses were 
reduced in size and rounded as usual to smaller circles. Submerging 
a convex lens (1 diopter) into the liquid until the beam passed symmetri- 
cally through it, changed these circles to very long horizontal spindles. 
A concave lens similarly produced horizontally very eccentric hyperbolae. 
All these fringes lie considerably in front of the principal focal plane of 
the telescope and the abnormal] forms are necessarily relatively faint. 
They change in shape and intensity with the focal plane observed. 

On mixing CS. with kerosene (about equal parts) types of fringes 
shown in figure 1, but with many more lines, were obtained. This is 
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a combination of both spindles and hyperbolae. Probably three layers 
of liquid are chiefly in question, viz., kerosene, kerosene + CSe, CS2, 
and the three stages of form and the sinuous lines correspond to them. 
Fringes were sharp only if viewed in front of the principal focal plane 
of the telescope. 

3. Apparatus.—To obviate the tremor of apparatus which is inevitable 
in the case of the long distance interferometer, the parts were now 
screwed down at short distances in the cast iron block B figure 2. Here 
the ranges MH, HN of half silvered plate, H, and opaque mirrors M, 
N, did not exceed 14 cm., but this gives ample room for the manipula- 
tion of,the trough ¢ placed normally in the beam MH. White light en- 


So 


ters byjway of the collimator SC at any convenient angle 6 (as this does 
not occur in the equations) and 6 = 60° was used. The opaque mir- 
rors M (and preferably also NV) are on micrometers with screws normal 
to their faces and each must be provided with adjusting screws relatively 
to horizontal and vertical axes. An elastic fine adjustment (not shown) 
is desirable. ‘The block contains a number of screw sockets, b, for attach- 
ing subsidiary apparatus. The trough, ¢, should preferably be attached 
to an independent supporting arm, not connected with B and be re- 
volvable about two axes normal to each other. In such a case the posi- 
tion normal to the beam of light may be found from the reverse of mo- 
tion of the interference rings, while the trough is slowly rotated in a 
given sense. 
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The telescope T (relatively much enlarged in the diagram) is not 
attached to the block. It is to be used both as a simple telescope for 
the adjustment of the white slit images to horizontal and vertical coin- 
cidence, and as a direct vision spectroscope. The most convenient 
attachment for this purpose is the direct vision prism grating, G (film 
grating), just in front of the objective of JT. Two perforated thin discs 
of brass are useful for this purpose, one disc being firmly attached (like 
the cap) to the objective, the other to the flat face of the grating with 
the prism outward. A swivel bolt, a, between the discs, thus allows 
the observer to throw out the grating and use the telescope. A stop 
arrests the motion of the grating when it is rotated about a, back again, 
for viewing the spectrum. ‘This plan worked very well and the ellipses 
obtained were magnificent. It was now almost possible to control 
the micrometer M manually and all hurtful quiver is absent. The 
fiducial line to which centers of ellipses, etc., are to be returned is always 
the sodium doublet, present in sunlight or the arc and artificially sup- 
plied by an interposed burner in case of the Nernst lamp. The tele- 
scopic lens need not be more than 2 cm. wide and cross hairs are not 
needed. For measuring dispersion the Fraunhofer lines B, C, D, E, b, F, 
were used. 

4. Equations. ‘The useful equation for present purposes are given 
in a preceding report* and the following cases only need be repeated 
here. If eis the thickness of glass plate of index of refraction w for the 
wave length d and if the equation » = A + B/)d? where A and B are 
constants be taken as sufficient 


a t= A Ne 28/e (1) 


where AN is the displacement of the micrometer at the opaque mirror 
M or N due to the insertion of the plate normally to the component 
beam in question. ‘To determine », B must be known at least approxi- 
mately. It may be measured in the same adjustment, however, if 
two Fraunhofer lines are used fiducially. Let 6N be the displacement 
of micrometer to pass the center of ellipses from wavelengths \ to }’. 
Then if e’ is the thickness of the half silvered plate H, and R the angle 
of refraction within it, 


e” 1 1 
iN = Ble te cos R+ 2(¢ +5) ) (=a (2) 


If e = 0, 
=) (- 1 
oa B(e cos R + Pe) ee al (3) 
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which may be called the corresponding air displacement. Hence 


ae 56N —6Na (4) 


1 1 
5) 
Here 6N = b5Nao = N — N’ ary (Na ia! IN 2) = N — Na — (N’ — N’,) 


so that the difference of the corresponding positions of micrometer for 
a given Fraunhofer line, with and without the plate, are to be found. 
The method is quite accurate as will be seen below. More than two 
constants A and B may be taken if desirable, with 3 Fraunhofer lines. 

To return to equation (1), remembering that 2B/)2is small, it is seen 
that the percentage accuracy of » — 1 and AW are nearly equal. Now 
A N for a plate 5 to 6 mm. thick and ordinary glass is about 0.3 cm. 
This may be measured within 10~* cm. or 3 parts in 104 of A \ or one 
or two units in the fourth place of uw the index of refraction of the glass. 
A much more serious consideration is the consistent measurement of 
the thickness of plate e, which must be given to less than 10-* cm. if 
the same accuracy is wanted. Naturally this presupposes optic plate. 
Hence the data will be inaccurate as to absolute values from this cause. 
The plates used frequently showed increases of thickness of several 
10-3 cm. within a decimeter of length. Absolute values were however 
without interest in this paper. 

To show that less than 10-4 cm. is guaranteed on the micrometer 
in the placing of elliptic centers at the sodium line, the following pairs 
of results, made at different times and with entirely independent adjust- 
ments may be cited. The screw pitch was 0.025 cm. and the drum 
divided into 50 parts with a vernier to 0.1 part. 


FRAUNHOFER LINE PITCH DRUM PITCH DRUM DIFFERENCE 

cm. 
1B) gles open cee X85 17.1 74 S/4 0.25000-+0.01695 
Oe ee sities es 8 x85 23:3 74 3919 0.25000-++0 .01700 
NO Re ress sky oo. x85 41.0 75 7.0 0.25000-++-0.01700 
IF) 25g ac Saas acy ee x X86 14.9 19 30:9 0.25000+0.01700 
1) Res ER arg een ea ae xX X86 19:22 ie) Sone 0.25000-+-0.01703 
Eee ee ae eratesrean eas we xX X86 36.6 76 2.6 


0.25000-+0.01703 


X ellipses long horizontally XX circles X XX ellipses long vertically. 


The total difference is less than 10-4 cm. and probably due to the width 
of the Fraunhofer lines with deficiency of light at the ends of the spec- 
trum. Apart from the measurement of the thickness e therefore, the 
method is guaranteed for fourth place work. 
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A large number of experiments were made with lenses, etc., submerged 
in mercury iodide solution, data for which there is no room here. The 
curious result appeared that if the solution refracts more strongly than 
the submerged glass, and the lens is well centered as to the beam of 
light, the ellipses remain strong and clear. Hence the refraction of 
the solution and of the glass need not be identical. ‘The dispersion B 
is particularly well determinable. The refraction at in this case will 
be subject to 


Be Sl = OBO = ee Oe ene 


when AW is the displacement produced on submerging the lens of thick- 
ness e at its middle and primes refer to the solution. The following 
is an example of results. K’ for the solution is found as a whole from 
the full and empty trough. 


Lens e 1s AN ao 
cm. cm. 
HUdIOMLET ake rem eee 0.138 0.6140 0.0078 1.5315  Ellipses strong 
Didiopters.y ewe sinew octets 0.200 0.6140 0.0107 1.5345 Ellipses strong 
SIGIOMters'..\5. wa. eee eee ee 0.248 0.6140 0.0187 1.5126 Ellipses faint 
HO: diopters: 4.0 kiiss Won wees 0.447 0.6343 0.0205 1.5625 Ellipses vague 


The first two cases are good, the last two untrustworthy. ‘To per- 
fect this method a solution must be found whose dispersion constants 
are not so enormous compared with glass as the mercury iodide solution. 


1 Note from a Report to the Carnegie Inst. of Washington. 

2 Washington, Carnegie Inst., Pub., No. 249, 1916, chap. ix, cf. Amer. J. Sci., New 
Haven, 40, 1915, (299-308). 

3 Mr. R. W. Cheshire, Phil. Mag., London, 32, 1916, (409-420), has recently used Tépler’s 
method for the same purpose with marked success. 

4 Washington, Carnegie Inst., Pub., No. 229, 1915, § 40, 41, 42. 


THE FOOD OF DROSOPHILA MELANOGASTER MEIGEN 


By J. P. Baumberger 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 
Communicated by W. M. Wheeler, December 26, 1916 


In May, 1916, while rearing the banana fly on artificial media of 
fermented banana agar,! I observed that visible fungus growths seldom 
occurred in the presence of many larvae. Such growths did appear, 
however, after pupation or if only a few larvae were present. Examina- 
tion showed the surface growths to be largely yeast cells. 

Further investigation showed that adult flies, pupae, larvae, and eggs 
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invariably carried yeast cells and often had a rod-like bacterium upon 
them. This made it appear that an internal symbiotic relationship 
existed comparable to the notable cases of the flesh fly,? in which a 
micrococcus is passed through the egg and aids the larvae in the diges- 
tion of albumins, etc., the cockroach,? which has certain cells of the 
fat-body reserved for yeast, and many plant bugs,* which have caeca 
of the alimentary tract containing certain bacteria. 

In the following experiments undertaken to show that microorgan- 
isms are not transmitted through the egg of Drosophila, the first pre- 
caution was to free the insect from external microorganisms. Usually 
eggs were used for this purpose but their small size makes this a diffi- 
cult procedure. As it is well known that the lining of the digestive 
tract of larvae is thrown off upon pupation, pupae were selected for 
sterilization. 

(1) The pupae were submerged in 85% alcohol for ten minutes and 
then introduced aseptically into sterile slant culture tubes of agar- 
agar and fermented banana filtrate. If no yeast developed around 
the pupae which were placed on the food the tube remained sterile 
after the emergence of adults, oviposition and hatching of larvae. The 
sterility of the tube was later tested by introducing a few loopfuls of 
the medium into a sterile tube of similar food. It had previously been 
determined that yeast developed readily on fermented banana agar. 
This is probably due to the catalytic action of dead yeast,® and the abun- 
dance of nutrition supplied by the banana.‘ 

(2) Larvae which had been feeding on media containing living yeast 
cells were submerged and washed in 85% alcohol and then introduced 
into sterile culture tubes. In all cases yeast developed on the new 
media. Cultures from the digestive tracts of the larvae gave similar 
results. Apparently many cells escape digestion in the stomach as 
is the case with seeds or insect eggs in birds. 

(3) Eggs were sterilized by soaking in 85% alcohol for ten minutes. 
The larvae which hatched were always aseptic. 

From the foregoing experiments we may conclude that yeast is not 
present in the eggs or pupae of Drosophila. However, a loose symbiosis 
exists between the two organisms. As mentioned above, surface fun- 
gus growths disappear in the presence of larvae which often seemed to 
be more numerous at this point. From these observations I inferred 
that the larvae fed upon the microorganisms present. 

The problem was attacked by the use of several different media. 
Two dozen large ripe bananas were fermented overnight by adding 24 
grams of compressed bread yeast separated in a few cubic centimeters 
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of water. The banana was thoroughly mashed before fermentation. 
This material was pressed through a sugar sack giving 1200 cc. of fluid. 

Medium A consisted of this fluid, diluted twice with enough pow- 
dered agar-agar added to make up to 1.5%, then boiled, poured into test 
tubes and plugged with nonabsorbent cotton and sterilized in the auto- 
clave for twenty minutes at 19 pounds pressure with vacuum at start. 

Medium C consisted of 12 grams yeast per 200 cc. tap water and 1.5% 
agar-agar. 

Medium D consisted of tap water and 1.5% agar-agar. 

Medium J consisted of grape sugar, cane sugar, ammonium tartrate, 
citric acid, KzeHPO.:,MgSO.,H2O (proportions as used by Loeb”), 1.5% 
agar-agar. This was sterilized three successive days in Arnold Sterilizer. 

The rates of development of larvae on these media were as follows: 


AVERAGE NUMBER 


: MEDIA OF DAYS GROWTH 
A Aseptic fermented banana agar.............. 28 From hatching to death 
A Septic fermented banana agar................ 1 From hatching to pupation 
CP Aseptic'yeast aoare cn) a aera eee ee ee 9 From hatching to pupation 
Dt HNSeptic agar ts vs teh chelate aw eaeee benaes 5 From hatching to death 
DD) MOCDUIG ARATE 2 Wha uuies fe pbeiiia ete prea ence eee A 26 From hatching to pupation 
J) Aseptic synthetic medium. +..).a, teen. 5 From hatching to death 
jo Septic Synthetic medium. csc s.n eee te ane 10 From hatching to pupation 


Aseptic larvae on A developed at half of the rate of septic larvae on 
the same medium. The growth of these retarded individuals could be 
greatly accelerated by adding two loopfuls of septic A to their food. 
This was done in the case of larvae which in twenty-six days have only 
reached a length of 2.5 mm. After three days the larvae were 4 mm. 
long and had doubled in diameter; another millimeter was gained the 
next day and on the sixth day the larvae formed pupae from which 
large adults emerged. Since larvae grow more rapidly on abundant 
dead yeast (C) than on less abundant living yeast, the fungus is merely 
the food of the insect. 

It is apparent from the foregoing that the rate of growth is depend- 
ent on the abundance of yeast in the media. Dead yeast serves equally 
well in determining this rate. We may therefore conclude that yeast 
serves as food for Drosophila larvae. There is also evidence that other 
microorganisms may furnish nutrition for these flies. For example 
flies were reared from egg to adult on agar-agar (D) which had been 
contaminated by a living anaérobic bacterium as yet undetermined. 

After the initiation of these experiments I found that Delcourt and 
Guyenot® and Guyenot?® had already shown that yeast and most bac- 
teria are of value to Drosophila larvae, especially when the larvae are 
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in large numbers. These investigators finally obtained aseptic flies 
by the use of media unfavorable to the different forms of bacteria. 
Yeast persisted longest but was finally eliminated by using food con- 
sisting of sterile yeast, water and cotton. Potato media were occasion- 
ally intercalated in the series as a test of the absence of living yeast 
cells. The transference of flies was made aseptically by the use of an 
ingenious suction apparatus. However, females from stock which 
had been ‘aseptic’ for several generations occasionally deposited sep- 
tic eggs and died in the center of a yeast colony. It is possible that 
living yeast was constantly present and that usually an insufficient 
number of cells was carried to the potato medium. In such a case due 
to the absence of bios,» 1° growth would not take place. Guyenot 
later! reported that he had been able to raise Drosophila on sterile 
(unfermented) potato, but the percentage of larvae that pupated was 
small. Salomon! has described the use of yeast as a food for man and 
a considerable literature deals with its use as food for farm animals. 
Schultze has suggested that Drosophila larvae may feed upon bac- 
teria and yeasts in strange media such as sap, feces, formol, tumors, 
etc., from which the fly has been recorded. Henneberg™ believes that 
these larvae feed upon microorganisms at the surface of vinegar. 

It is probable that the food relations pointed out in my experiments 
are common to a number of organisms. The house fly, for example, 
Oviposits only in the presence of the odor of fermentation, always has 
a certain form of bacteria on its body in great abundance and the larva 
is unable to survive in garbage which gives an acid reaction. ‘Those 
insects which live in strange media such as strong salt water and petro- 
leum may be associated with microorganisms which have unusual power 
of oxidation. It is likely that the vinegar eel will be found to be simi- 
larly associated with bacteria or fungi. 

In 1915 Loeb’ raised Drosophila on a synthetic medium consisting 
of inorganic salts, sugars and ammonium tartrate. He believed the 
synthetic power of the fly to be as great as that of bacteria. Later", 
however, he pointed out that the medium used ‘“‘is a well known culture 
medium for certain microorganisms; e.g., yeast cells which are capable 
of synthesizing their proteins and other complicated organic compounds 
from ammonium salts.’’! 

It is very evident from my experiments that the food of Drosophila 
larvae is yeast. The insect depends upon these cells for its proteins 
and has no greater synthetic power than is common to higher animals. 
Adult flies do not require proteins but survive for a much longer period 
on sugar agar than upon yeast agar. This difference between the nu- 
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_ tritional requirements of larva and adult is probably due to the rapid 
growth in the former which requires proteins and leads to fatal changes 
in their absence. | 

Owing to’the habit of the larvae of constantly agitating the surface 
and carrying yeast cells throughout the medium, fermentation is greatly 
increased and the increase in alcohol resulting may serve as a protection 
to the larvae against destructive molds and putrefactive bacteria. 
The anaérobic conditions resulting may increase the percentage of the 
albumin in the yeast cells!” and thus increase their food value. 

The number of larvae present in a culture determines the degree to 
which the yeast will be spread through the medium. If few larvae 
are present the cultures become contaminated with injurious molds and 
bacteria; if a large number of larvae is present the food remains ‘sweet.’ 

The depth to which the larvae work their way below the surface is 
an important factor in this connection. This depth is determined by 
the consistency of the medium, as the larvae will go as deep as a bubble 
of air will remain attached to the two projecting posterior spiracles. 
The instant this bubble is lost the larva ‘backs-up’ until another is 
found. It would seem therefore that a medium of a jelly-like homo- 
geneous consistency would be best, and I believe the geneticists are 
striving for this end when they mash and boil their banana. 


1 Baumberger, J. P., and Glaser, R. W., Science, New York, N. S., 45, 1917, (21-22). 

2 Bogdanow, E. A., Anon Anat. Physiol., Physiol. Abth., Leipzig, 1908, Supple., wet 

3 Buchner, P., Meek. Protistenkunde, Jena, 26, (1-116). 

4 Glasgow, H., Biol. Bull., Woods Hole, Mass., 26, (101). 

5 Moufang, E, Wechenscun Brau., Berlin, 30, (113-116). 

6 Nagel, C., Zs. Spirit Ind., Berlin, 35, (185). 

7 Loeb, J., Sao New Fone, N. S., 41, 1915, (169-170). 

8 Delcourt, A., and Guyenot, E., Bull. sci. France Belgique, Paris, 45, 1912, (249-332). 

9 Wildier, E., To Cellule, Lunar 18, (314-332). 

10 Harden, A., and Young, W. J., London, Proc. R. Soc. 78B, (369-375). 

11 Guyenot, E., Paris, C. R., soc. biol., 45, pt. 1, 1913, (178). 

12 Salomon, Miinchener med. Wochenschr., 63, 1916, (445). 

13 Schultze, P., Zool. Anz., Leipzig, 39, (199-202). 

14 Henneberg, W., D. Essigind., Berlin, 6, 1902, (333). 

15 Loeb, J., J. Biol. Chem., Baltimore, 23, (2-5). 

16 After sending this paper to press, I learned that Loeb and Northrop, J. Biol. Chem., 
Baltimore, 27, 1916, (309-312), had already published a confirmation of Guyenot’s 
conclusion. 

17 Schoenfeld, F., and Hirt, W., Wochenschr. Brau., Berlin, 29, (157-159, (174-178)). 
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TEMPERATURE OPTIMA FOR HUMAN ENERGY 


By Ellsworth Huntington 


MILTON, MASSACHUSETTS 
Communicated by W. M. Davis, December 26, 1916 


As a step toward the more exact determination of climatic optima 
for human species I have made a study of temperature in relation 
to (1) the death-rate, (2) the amount of work done by piece workers 
in factories, and (3) the strength of individuals as measured by the dyna- 
mometer. Although the matter is still in its early stages, the results 
show that the field of investigation is marvelously rich, and that only 
the surface has yet been scratched. 

(1) The death-rate is an excellent means of determining climatic 
optima. In most parts of the United States two maxima of deaths 
occur under widely different climatic conditions, one in winter and one 
in summer. Between the maxima come two minima both of which 
appear to be associated with essentially the same climatic conditions 
whether they occur in spring or fall. At first sight this may not be 
obvious since in the northeastern United States one minimum generally 
comes in June when the mean temperature is 65° to 70°F and the other 
in October when the temperature is 10° or 15° lower. Conditions of 
health, however, obviously lag behind the climatic conditions with 
which they are connected. An interval must elapse between the time 
when people fall sick and the time when they die. If allowance is made 
for this, the true optima would be found in May and September, two 
months which have about the same temperature. 

Since it is difficult to determine the exact amount of lag between 
given climatic conditions and the death-rate which they determine 
another method may be employed for determining the optimum tempera- 
ture. The months may be arranged according to their temperature 
without regard to the seasons of the year. If the figures thus obtained 
are smoothed, a lag in one direction is neutralized by a lag in the other. 
The method is illustrated in table 1. 

A glance at the last column shows that deaths in New York are numer- 
ous at low temperatures. They decline quite steadily until an optimum 
is reached when the mean outside temperature is about 65° F. Then 
they increase once more. The true optimum, however, is a trifle lower 
than 65°. Many people leave New York in summer and some of them 
die, but these deaths do not appear in the city records. Consequently 
the recorded deaths in July and August and to a less degree in Septem- 
ber and June are below the number actually occurring in the city’s 
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TABLE 1 


MEAN TEMPERATURE AND DEATHS IN NEw York City, 1900-1911 


MEAN TEMPERATURE DEATHS PER DAY 
MONTH 
Actual Smoothed* Actual Smoothed* 
NVATVUAURV AGS 6 tN a8 ee Se ne Rien sae 30.2 (30-2) 256 (256) 
Pebuamy conte ei. eid. er meunomm emits S07 Si5 266 257 
December dg. cet hen ee eer 34.4 34.3 238 253 
Marcha 20) Catton ese NEw n tf S15 38.4 270 248 
November: nner. as tee ena eint ec 44.0 43.4 215 242 
bs \) 0 nll DAs eee Kit aa GN a te ey at cn See 48.1 48 .9 267 240 
BYol e012) ghtUeiaita hear ae Na an vA sa HG O50 54.6 210 231 
Maye Sails Pete sky Neuere: 59.3 60.2 239 227 
SepLemiben yates Uh eek. We rune, ts 66.5 65.2 218 225 
RATT G eaiees eine taht oo 1 Un) aud eera ake mere, oes 68.5 68.9 224 226 
JANES UISS EY cp yes ee AIOE yeni uy er (PAOD: 71.6 236 241 
ADftaliy en RI e s ANE RR Osram Dace 8 135 Cis 5) 266 (266) 
* The smoothing is done by the formula ae = 5 


entire population. ‘This alters the apparent optimum, but not more 
than a degree or two, for relatively few people are away in September 
and June. Therefore, on the basis of the death-rate the optimum 
temperature in New York City appears to be 63° or 64°F. 

Table 2 shows the optimum temperature for three groups of Ameri- 
can cities and for a group of foreign countries, all being reckoned in 
the same way as New York. 

Aside from New Orleans the optima range from 58° at San Francisco 
to 70° at St. Louis. Local differences arise from humidity, epidemics, 
the season at which vacations are taken, and other minor causes. Never- 
theless the averages for the four groups differ surprisingly little, the 
range being only from 62.7° to 65.8°. This seems to indicate that 
whether we are dealing with northwestern Europe, the northern, cen- 
tral, or southern United States, or an Asiatic country such as Japan, 
deaths are most numerous at about the same temperature. When al- 
lowance is made for the effect of summer vacations in the American 
cities, it appears that the optimum is probably about 63° F. Since we 
are dealing with the mean temperature of day and night, such an opti- 
mum means that man is physically at his best when the temperature 
rises to about 70° at noon, but not when it stays all day at that level. 

(2) Daily work. People’s daily work is perhaps the best test of 
their physical condition. During the past few years I have collected 
statistics of the work of piece-workers in factories from Connecticut 
to Florida. A comparison of their work with the mean out-of-door 
temperature gives the results shown in table 3. 
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TABLE 2 
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Optimum TEMPERATURE ON THE BASIS OF THE DEATH RATE 


: PLACE YEARS OPTIMUM TEMPERATURE 
Group I. Northern cities of the United States. 
TENG coh TAA RAD GeO OAT 5 SMe ie a 1900-1911 66° 
LE UIT GIR od GARE A MUA) 3 fe A 1900-1914 61° 
COIN CE YaSoy etn ed AMO 1900-1911 67° 
eS SIE ates Ne Se) VR TA ROO Oe ae (17 years) 64° 
BRM era NAOT. Vice SU a MIME cea oo lene lseie on loi ldo) 4% 1900-1911 65° 
Heeb NNR OM ces eae eae ciate wales 1900-1914 67° 
SEE TIE gO 2 UR, SUPER aa eRe 1900-1914 627 
A ICTERS. 59 eS SI. SS ARMM ete ote gn ni ean a een aoe en 64.6° 
Group II. Central cities of the United States. 
JE UU EAA ee Se Oe 2 1900-1911 63° 
(TVRYOHS TH 6 Eg A RRC a eet Oe 1900-1911 - 69° 
FERROUS DUE Dyer faites 1, Wan gs Sc haere ia Re Cal, 1900-1914 67° 
Slo LOUIS Uae sgn Metis, ae Rap are ft eR 1900-1914 70° 
PAPE AMCISCO ol” acre mua. Oconee ik ees emenel maar 1900-1914 Soy 
VW 3) Oc 0) 01h nani Ee PUR 0 le RR a ENO 1900-1914 68° 
A Ca eh eC os 5 MRI MRT Ee Ne OL a Ee Ma ec er 65.8° 
Group III. Southern cities of the United States. 
MBIA ewig: Hes tee MeN ERE MEGS WN ca Sci viche aoe ask was 1900-1911 64° 
“ELITR TC? 9H 07 UM Aes come Ne eg 1900-1914 
LSS, Bue OSS NS AES era ORs ta SO a A ee 1900-1911 68° 
Tes Lait FOUTS egal WAN RUE MRI Ua) are URE 1900-1914 60° 
I VGiae OSA oie iia EN A te ac A RA 1900-1911 81° 
LS SEIS, Bo eee tgs ERMAN ae ee aR 8 a 65 .0° 
Group IV. Foreign couniries. 
Fes oS NANRI ke AN IA Fah see eva ya eae Ghat Y's) ute. a alee 1861-1910 above 63° 
Erle ed Oe CLC DatAlie Me te" He ea ee 1900-1912 above 61° 
CaCeN Eogtaly ype a Mie Met oa A te bE 1912 64° 
SET INS EV RR nea eae Cee 1899-1908 64° 
Batata ALTO Minter Sei rae tte OAR edu aca ea eel da 1906-1914 60° 
ie CITE Si rae a tae eae 8 a SA, ee PO Pa 62.7 
AV ANTETESE Le ray ee TMA iis 0 NON URN zeta Akl (PO Oy ey He RGIS Ea 64.5 


* Belgium and Finland are so cool in summer that no entire month has a mean tempera- 
ture as high as the optimum. New Orleans is peculiar because so large a part of the popu- 


lation moves away in summer. 


TABLE 3 


OPTIMUM TEMPERATURE IN FACTORIES 


Hence these places are omitted in computing the averages. 


PLACE NUMBER OF PEOPLE OPTIMUM TEMPERATURE 
WOME CUCU eet es Ou rite wt e/a cane 300 men 59° 
PC Onnechicni ie Mee i, Saleh: 200 women 60° 
PMEAEEGIOIN OE: Seer MSs ake veh eal lo 8800 men and women 63° 
S)5) ERY TO Tame Manatee eh Oy nC Meat gd ene 1200 men 67° 
VERAC CHM een) eee Mam ee er knehimere., Oe ee Ry lak alae a 63° 
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This seems to suggest a slight rise in the optimum as one goes from 
cooler to warmer climates, but it is doubtful whether the inference is 
justified. The mean temperature of Pittsburgh averages only 3° F. 
warmer than that of southern Connecticut, and it is not likely that so 
small a difference could cause an equally great difference in the optimum. 
The relatively high optimum in Florida may arise partly from the fact 
that the people whose work was tested at Tampa were Cubans coming 
from a climate even warmer than that of Florida. Little weight can 
be placed on such a conclusion, however, because the Cubans were 
engaged in cigar making and in this work high temperature, especially 
when accompanied by moisture, makes the tobacco pliable and hence 
enables people to work rapidly. Thus the apparent optimum is raised 
a little. Moreover, in the present study no account is taken of the ~ 
effect of humidity upon human energy. This factor is of much import- 
ance and probably accounts for a large part of the variation in the 
apparent temperature optimum from place to place. 

(3) Strength tests. In Denmark Lehmann and Pedersen some years 
ago carried on a series of tests of the strength of school children at all 
seasons. When due allowance is made for the normal growth of the 
children it appears that they were strongest when the temperature 
averaged not far from 59°. For 16 months during 1915 and 1916 the 
writer was fortunate enough to secure the cooperation of the teachers 
at Hampton Institute, Virginia, The strength of 11 negro students 
was tested daily with a dynamometer. The young men were strongest 
at an average temperature of 61°. An equal number of young women 
were tested in the same way, but they were working under abnormal 
conditions in a hot, steamy laundry. Accordingly their apparent 
optimum was at an average outside temperature of only 52°. 

Summing up the results of these various methods it appears that the 
death-rate of millions of individuals indicates an optimum at 63° or 
64°. The factory work of thousands of people points to the same tem- 
perature as the best for human activity. Tests of the strength of in- 
dividuals suggest a slightly lower optimum, at about 60°, but the num- 
ber of cases is small. The investigations of Rosenau and Thompson 
also indicate an optimum at 62° or 63°. Since Finns, Japanese, Ger- 
mans, and Americans all show essentially the same response, it seems 
probable that the optimum temperature for physical activity among 
people in all sorts of climates does not vary far from 63° F. Even a 
long residence in a given climate apparently has little effect in causing 
people to become adjusted to their environment. The Finn still seems 
to find his climate always too cool, while the Cuban finds his too warm. 
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It appears as if climatic environment were able to cause changes in pig- 
mentation and bodily form more easily than in the more direct physio- 
logical conditions which determine the relation of the organism to tem- 
perature. 

There is probably, however, a slight difference in races, as appears 
from a comparison of the deaths among colored and white people in 
the twelve American cities where colored people are most numerous. 
Unfortunately the figures for the two races have been published sep- 
arately only since 1912, and only the years 1912-1914 are available. 
The results are given in table 4. 


TABLE 4 


OpTiIMuM TEMPERATURE AMONG WHITE AND COLORED PEOPLE DURING THE YEARS 
1912-1914 on THE BASIS OF THE DEATH RATE 


PLACE WHITE COL’D PLACE WHITE COLD . PLACE WHITE COL’D 

I. Northern cities II. Central cities IIL. Southern cities 
New York...68.5 71.4 Baltimore. ...60.4 69.2 Atlanta..... 59.2 72.4* 
Chicago ..... 65.5 69.4 Louisville. ..68.0 74.5 | Birmingham.73.3 72.2 
Philadelphia.68.0 74.0 St. Louis....70.8 74.9 Memphis. ...68.2 76.8 
—_ — Washington.65.3 69.2 Richmond...66.4 66.4 


Average. .67.3 71.8 a SS ls 
Average. .66.6 72.0 Average. .66.8 72.0 


Weighted Grand Average: White 67.5, Colored 71.6 
* This figure is doubtful. A much more pronounced minimum of deaths occurred at a 


temperature of 44°. This apparently means that a good many colored people come to Atlanta 
in the summer and go away in the winter. 


Because of peculiar weather conditions, epidemics, or other causes 
the optimum during the years 1912-1914 was 2° or 3° higher than dur- 
ing the longer series of years indicated ina preceding table. Such dif- 
ferences are inevitable and need not here concern us. The important 
point of the present table is that as a rule the negroes seem to be at 
their best at a temperature 4° or 5° higher than that which is best for 
white people. This, however, is insignificant compared with the dif- 
ference of 40° between the mean temperature of the Baltic home in 
which the white race probably developed and the African home of the 
negroes. Moreover, the average optimum temperature in northern, 
middle, and southern cities is almost identical. There is not the slight- 
est hint that either the whites or the colored people by residing in the 
north or the south have become adjusted to a particular temperature. 
So far as these facts go, therefore, they suggest that man’s adaptation 
to temperature is so deep seated and of such remote origin that it changes 
very slowly. Untold thousands of years of the contrasted environments 
of northwestern Europe and central Africa appear to have produced a 
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permanent racial difference of no more than 5° and possibly less, while 
the short time that the American people have been in their present 
surroundings appears to have caused no differentiation. 

In spite of the apparent fixity of the optimum there appears to be 
a marked adaptation to other conditions. ‘This is illustrated in table 
5, where the smoothed death-rate for New York and Los Angeles at in- 
tervals of 2.5° is given in percentages of the average per year. The table 
brings out the far greater range of temperature at New York than at 
Los Angeles. It also brings out the curious fact that while the worst 

TABLE 5 
DEATHS IN VARIABLE AND UNIFORM CLIMATES 


TEMPERA MEY ey, BALTIMORE JAPAN beieoues LOS ANGELES 
SOR en oe cut 1 ooo ae eae 107.0 (eer CER eee 
LANs) 2 Oh SE gO UE ANS AO Al ee ATUL 106.5 109.5 | ho Se 
POO tt fo, a a ne 105.5 106.0) +) .2058 (eee 
CTA SR MOR GIR aI tora Diy 5 MDM Ps 6 104.5 104.5 107.0: °° ee 
CO ig Re aR Ne ASU Anes ae emt? 7 UL 103.0 101.5 102.000. 2 2 ee 
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months at New York have only 107 deaths where the average is 100 and 
the best only about 94, the range at Los Angeles is from 117 to 86. With 
less than half as great a range of temperature Los Angeles has two and 
one-half times as great a variation in the death-rate. The health seekers 
who visit southern California in the winter account for a small part of 
this difference, but by no means for all of it. At the range of tempera- 
ture prevailing in Los Angeles the New York death-rate varies only 
about 4% or less, while that of Los Angeles varies 31%. If the influx 
of health seekers explained the matter they would have, to increase the 
population of Los Angeles by more than a quarter of its normal propor- 
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tions every year. Moreover, San Francisco where the number of health 
seekers is comparatively small, shows a contrast from season to season 
practically the same as at Los Angeles. I do not feel sure how to ex- 
plain this. It looks, however, as if the variable climate of the east 
causes people to become comparatively resistant to changes of tempera-. 
ture, while the uniform climate of the Pacific coast although delightful 
in itself, causes people to lose the power of resistance and hence to suc- 
cumb quickly under adverse conditions. In table 5 localities are 
arranged according to the variability of their climates. The range 
between the highest and lowest death rates for the year is least in New 
York where the climate is most variable, and greatest in Los Angeles 
where the climate is most uniform. — 


THE PARALLAX OF THE PLANETARY NEBULA N. G. C. 7662 


By Adriaan van Maanen 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, December 24, 1916 


The first results for the determination of stellar parallaxes obtained 
with the 80-foot focus arrangement of the 60-inch reflector were com- 
municated to these PROCEEDINGS about two years ago.! The promis- 
ing outcome of that investigation was fully confirmed by later results; 
the small probable error and the apparent absence of large systematic 
errors showed the desirability of extending the work to some of the 
nebulae. The parallaxes available for these interesting bodies are as 
yet extremely rare and the few existing results are far from trustworthy. 
For instance, about half a dozen determinations for the large spiral 
nebula in Andromeda have been published, the results ranging from 
—0”.32+0" 12 to +0”.171+0" 0512. 

Six nebulae were accordingly added to the Mount Wilson parallax 
program. In most cases the necessary exposure times are considerable 
and for several fields the work cannot be finished for some time. The 
planetary nebula N.G.C. 7662 (=H IV 18 Andromedae), which has a 
sharp stellar nucleus, gives good measurable images in a 25 minutes 
exposure (see Plate). Sixteen exposures were secured, the details 
of which are given in table 1. The successive columns contain the 
plate number, the date, the hour angle in degrees, the initials of the 
observer (H = Hoge, VM = van Maanen), the quality of the plates, 
the parallax-factor, the factor for annual proper motion, and finally 
some remarks. 
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The plates were measured with the monocular arrangement of the 
stereocomparator and reduced in exactly the same way as described 
in The Photographic Determination of Stellar Parallaxes with the 60-inch 
Reflectors The eight pairs of plates with the necessary details are 


NGC 


REFLECTOR, NOVEMBER 4, 1915. 


. 7662. PHOTOGRAPHED WITH THE 80-FOOT FOCUS ARRANGEMENT OF THE 60-INCH 


EXPOSURE 30 MINUTES, SEED 23 PLATE. SCALE 1 MM. = 


1’6; ENLARGEMENT FROM ORIGINAL NEGATIVE, 5.3 DIAMETERS. 


Plate No. 


749 
750 
758 
759 


1050 
1061 
1062 
1063 
1079 
1080 
1081 
1082 
1126 
1127 
1143 
1163 


TABLE 1 
N: G..C. 7662 a=23h21mM6s 6=41°59’ (1900) 
Date l Obs. | Qy. p mo | Remarks 
1915 
November 2 |— 7°7|vM| f | —0.699 |-+-0.84| Hazy, 30™ exp: 
2 |+ 3.0) H| te | —0_699 |--0.84| Hazy, 30 exe 
4 |—13.2| H| fg | —0.719 |+0.85} 30™ exp. trail of Boss 6602 
4 |— 2.7|}vM| fg | —0.719 |+0.85} 30™ exp. 
1916 
July 23 |— 5.7| H| £ | +0.701 |+1.56 
August 3 |—14.2)} H}| f£ | +0.574 |41.59 
3. |— 7.0)vM} f | +0.574 |+1.59 
3 |4+ 1:20 | £ 12-2 04574 | ales9 
5; |— 6.5} H| fg | +0.549 |-+-1.60 
5 0.0) vM | fg | +0.549 |4+1.60 
5. i+ 8.2| H| g | +0.549 |+1.60 
S |+15.0)vM} g | +0.549 |+1.60 
October 2A 0.0;\vM} f£ | —0.575 |+1.81 
21 8:7) | te) OF Sfor a2 lsi) 30 exp, 
November 16 |+ 4.5}vM| g | —0.822 |+1.88] Clouds, 28™ exp. 
17 |— 5.5| H | 4g | —0.827 |4+1.88) Hazy, 35° exp: 
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given in table 2, whose successive columns contain the plate numbers 
of the pair, the difference in the parallax-factors, the difference in the 
factors for annual proper motion, the result of the measures (in 0.0005 
of a revolution of the micrometer screw as unit), the residuals, and the 
difference in the hour angles. | 

Eight comparison stars were used; Table 3 gives their brightness, 
their co-ordinates in right ascension and declination, and their relative 
parallaxes with the probable errors of these parallaxes. 


TABLE 2 
MOR.-EV. Ap Am M v At 
1061— 758 +1.29 +0.74 +29 +15 —1°0 
1062-— 749 +1.27 +0.75 + 3 —1i +0.7 
1079-1163 +1.38 —0.28 +13 — 6 —1.0 
1050— 759 +1.42 +0.71 +20 + 3 —3.0 
1080-1126 +1.12 —Q0.21 + 8 — 6 0.0 
1063— 750 +1.27 +0.75 +10 — 4 —1.8 
1081-1143 +1.37 —0.28 +31 +13 +3.7 
1082-1127 +1.12 —0.21 +10 — 4 +6.3 
TABLE 3 
COMP. STAR Br x y Tv P. EL 

il bf +0/7 +0/4 +0’’019 +0010 
2 bf +4.1 +2.1 — 3 6 
3 f +2.9 —2.3 — 2 9 
4 f +1.5 —2.2 — iil 8 
5 f —0.5 —3.3 + 11 if 
6 f —2.3 —1.8 _ 1 14 
7 f —3.0 +2.5 — 24 9 
8 bf 


—2.9 ce +0.014 +0 .005 


The material in Table 2 gives the following normal equations for 
the determination of the parallax of the nebula: 


ee hte a ee Olm =" ule 
+2.61u, +13.187 = +161 

From these 
Trl, = +12.7 = +0”.021 +0”.004 
Pai eat 0 sO05 0" 008 


Only one other determination of the parallax of this nebula is avail- 
able, viz., that by Wilsing.* His material comprised 31 plates, taken 
with the 80-cm. photographic refractor at Potsdam. His conclusion 
was that the parallax of N.G.C. 7662 cannot be larger than 0”.1 or 0”.2, 
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Huss, rediscussing this material> derived a parallax of —0”.063 + 0”.050. 
It should be remarked that on most plates Wilsing measured, not the 
nucleus, but the whole nebula, which has a diameter of about 26”. 

Professor Barnard has stated,® that the central star of the nebula is 
variable ‘‘to an extent upwards of three magnitudes; at times it has 
appeared as a bright yellowish star of about the 12th magnitude.” 
The star appears to have practically the same magnitude on. all my 
plates, varying from equality with comparison star 1 to a trifle brighter 
than comparison star 2. The visual magnitude of comparison star 1 
is given by Barnard as 12.6. 

To derive the absolute parallax of the nebula we must add approxi- 
mately 0”.002 to the value given above; the resulting parallax of +0”.023 
would place the nebula at a distance of about 140 light-years. As the 
angular diameter of the whole nebula is about 26”, its linear diameter 
would thus be of the order of nineteen times that of the orbit of Neptune. 

These results seem to be extremely promising and the program will 
accordingly be enlarged. 


1Maanen, A. van, these PROCEEDINGS, 1, 1915, (187-189). 

2 Bigourdan, G., Bul. Astr., Paris, 26, 1909, (331). 

3Maanen, A. van, Mt. Wilson Contrib., No. 111, 1916, (1-33). 

4 Wilsing, J., Astr. Nachr., Kiel, 136, 1894, (349-352). 

5 Huss, E., Ibid., 178, 1908, (95-98). 

6 Barnard, E. E., London, Mon. Not. R. Asir. Soc., 68, 1908, (465). 


ADULT HYMENOPTEROUS PARASITES ATTACHED TO THE BODY 
OF THEIR HOST 


By C. T. Brues 


BUSSEY INSTITUTION, HARVARD UNIVERSITY 
Communicated by W. M. Wheeler, December 21, 1916 


Entomophagous parasites exhibit many remarkable adaptations 
which enable them more easily to locate the hosts necessary for the 
development of their young. Most of them depend upon the acute- 
ness of their senses and we find consequently that they are usually very 
active and commonly exhibit complicated instincts to aid them in their 
search. Many forms deposit their eggs directly within or upon the 
bodies of their host, seeking either the eggs or the larve of the host 
for this purpose. When oviposition in larve occurs, it is necessary 
of course that these be located by the parasites after they have attained 
the requisite size. When the eggs of the parasites are placed within 
the eggs of the host, the latter must be located soon after they have 
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been deposited. Among the parasitic Hymenoptera there are many 
species which oviposit in the eggs of the host insect. In such cases 
the adult female parasite usually discovers the eggs of the host after 
they have been left upon the foodplant, or wherever they are to develop. 
The location of the host eggs in this manner must involve great difficul- 
ties as they are frequently well concealed. 

A unique method of eliminating some of these difficulties has recently 
come to my notice in connection with some small parasitic Hymenop- 
tera of the family Scelionidea. Some of the members of this group 
develop in the eggs of locusts, and occasionally the adults attach 
themselves to the body of the locust. They are thus carried about by 
the host, and when the locust deposits its eggs, they undoubtedly seize 
the opportunity and leave it to deposit their own in those freshly laid 
by the locust. 

The accompanying photographs illustrate an example which recently 
came into my possession, where the parasites remain upon the body 
of the locust. There are four parasites, all females, each still firmly 
attached by the jaws to the abdomen of the locust, notwithstanding 
the fact that the latter was placed in alcohol and subsequently sent me 
by parcel post from India: The mandibles are imbedded in the body 
at the sutures between the abdominal plates, and in each case the pos- 
terior margin of the forward segment is pushed back distinctly at the 
point of attachment, affording a very secure hold for the mandibles. 
Quite possibly the insects may be able to cling more tightly by reason 
of a sharp tooth which projects from each cheek, although this tooth 
does not occur in related forms with similar habits. 

I do not believe that this habit is very general among the Scelioids 
which have been bred from locust eggs, although it has already been 
noticed. Ashmead in his Monograph of the North American Procto- 
typide! having taken a female specimen of Sceliomorpha bisulca Ashm. 
“holding on to the elytron of a short winged locust,”’ and he suggests 
that it is there for the purpose of locating the place where the eggs of 
the host will be deposited. In this case the observation was made in 
Florida, but the species of locust is not indicated. ; 

The Indian example figured in the present note comes from Wala- 
janagar in South India, and is the common Jola or Deccan Grasshopper 
(Colemania sphenarioides Bolivar) which is a widely distributed species 
in India. Coleman who has studied this locust refers? to a small Hy- 
menopterous parasite found in the eggs and it is probable that these 
parasites are the same species as the ones which I have received attached 
to the locust. As the species has not been described, a description is 
appended to the present note. 
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There seems to be no doubt that the behavior of these Hymenoptera 
in attaching themselves to the body of the locust is for the purpose of 
finding the eggs of the host more readily and it seems strange that the 
same method has not been adopted by other egg parasites. Possibly 
other large insects do not lend themselves so readily to this purpose, 
and it may be noted in this connection that both species of locusts which 
have been found with attached parasites are forms which do not have 
fully developed wings or tegmina in the female. Winged species might 
more easily disturb the parasites which cling only by the mandibles, 
and on account of their rapid movements might more easily evade the 
parasites. 

In other groups of insects and also among Arachnids, there are familiar 
examples of small species which attach themselves to larger insects 
for the apparent purpose of transportation only. Thus certain mites 
are regularly found on the body of the housefly and similar flies, which 
presumably afford a convenient vehicle for migration, and also prob- 
ably a source of food while in transit. In the case of certain mites of 
the genus Greenia which occur on large oriental bees (Xylocopa) a very 
peculiar relation exists between the two as the mites occupy a pocket 
in the basal segment of the bee’s abdomen. Here, however, it has 
been assumed that the mites feed upon the pollen which adheres to 
the body of the bee.? Certain myrmecophilous beetles (e.g. Thorictus) 
regularly travel attached to the antenne of the ants, and similarly 
the remarkable myrmecophilous cockroaches of the genus Attaphila 
commonly travel on the bodies of the leaf-cutter ants with which they 
live. 

The attachment by the mandibles of the small Scelionids described 
in the present note suggests strongly that they may secure nourishment 
by sucking the juices of the locust. If such be the case, the phenomenon 
is interesting in connection with the fact that many minute parasitic 
Hymenoptera regularly feed upon the drop of liquid which exudes 
from the puncture made by the ovipositor when they deposit their 
eggs in the eggs or larve of the host. In this case the feeding precedes 
the act of oviposition and bears no direct relation to it since Scelionids 
are parasitic upon the eggs and not the imagines of the locust. 

It seems probable that the Scelionid belongs to the genus Lepidoscelio 
Kieffer* which is based upon a species from Madagascar. As the type 
specimen of Kieffer’s species had lost its antennz and as the postscutel- 
lar scale appears to be less highly developed in the Indian species, I 
cannot feel sure that the two forms are congeneric. 
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? Lepidoscelio viatrix sp. nov. 


@ Length 4 mm. Black; legs, including coxe, and antenne, except 
club, honey-yellow; tegulze rufous, apical margin of first abdominal 
segment fuscous; wings hyaline, venation very pale. Head strongly 
narrowed below the eyes, as high as broad above, but only half as broad 
at the base of the clypeus. Eyes one-half the head-height, with a very 
few short hairs. Ocelli in a low triangle, the lateral ones removed by 


oo 


FIG..1. SPECIMENS OF LEPIDOSCELIO VIATRIX SP. NOV. ATTACHED TO THE BODY OF 
THE DECCAN GRASSHOPPER (COLEMANIA SPHENARIOIDES). 


less than their diameter from the eye-margin. Front on each side 
below the eyes with fine longitudinal aciculations, medially raised, 
the raised portion with sharp parallel sides anteriorly and projecting 
forward between the antennze beyond the margin of the head; front 
between the eyes with somewhat irregular longitudinal strize which 
run together above to form a smaller number above the median ocellus. 
Head behind with a carina extending from the occiput to the cheeks 
where it ends at the level of the lower eye-margin in a sharp tooth; 
just behind the eye is another weaker carina. Mandibles rather long, 
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acute at apex and with a single acute tooth inwardly before the apex; 
at the base they are attached at their inner angle so that when open the 
rectangular outer basal angle extends laterally beyond the head, but 
when closed the basal edge forms an extension of the sides of the head. 
Antenne 12-jointed; scape half as long as the head height; pedicel 
half as thick as long; first three flagellar joints very small, the first tri- 
angular, the others transverse; club six-jointed widest at the base, 
club joints transverse except the last which is oval. Head deeply 
excavated behind on the occiput. Pronotum coarsely reticulate. Meso- 
notum without furrows, but with about nine somewhat irregular longi- 
tudinal carine. Scutellum convex, reticulate. Post-scutellum with 
a small vertical scale-like protuberance which is emarginate medially. 
Propodeum nearly flat above, emarginate at the middle on each side 
and with its posterior angles rounded; coarsely reticulate at the cen- 
tre, very finely so at the sides. Pleure sparsely punctate. Abdo- 
men broadly lanceolate, finely longitudinally aciculated, broadest at 
the apex of the third segment which is a little longer than the fourth; 
first shorter than the second, the two together as long as the third; 
fifth as long as the second, sixth very small. Wings extending to the 
tip of the abdomen; costal vein two-fifths as long as the wing; stigmal 
enlargement well developed, but very hght yellow in color; stigmal 
vein very weak, oblique. 

Described from four females received from Walajanagar, North Arcot 
District, South India. 

The form of the mandibles and head is unusual, and may be associated 
with the peculiar habit of traveling on the body of the locust as de- 
scribed on a preceding page. 


1 Washington, Smithsonian Inst., Nation. Mus. Bull., No. 45, 1893. (241). 

2 Madras, Mysore State Dept. Agric. Entom., Bull., (Ser. 2), No. 2. 1911, (26). 

3 Since this article was written Dr. Joseph Bequaert has called my attention to a most 
remarkable adaptation of the same kind exhibited by certain Eumenid wasps. In some 
species of Odynerus (e. g., O. conformis Sauss.) there is a space between the dorsal plates 
of the first and second segments of the abdomen which is regularly occupied by a large 
colony of small mites. This flattened pocket can be opened or closed by the flexion of 
the wasp’s abdomen. 

4 Bruxelles, Ann. Soc. roy. Sci., 29, pt. 2, 1905, (129). 
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THE CONDENSATION AND EVAPORATION OF GAS MOLECULES 
By Irving Langmuir 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y. 
Communicated by A. A. Noyes, January 11, 1916 


Several years ago,! I gave evidence that atoms of tungsten, molyb- 
denum, or platinum vapors, striking a clean, dry glass surface in high 
vacuum, are condensed as solids at the first collision with the surface. 
Subsequently, similar evidence? was obtained in connection with a study 
of chemical reactions in gases at low pressures. It was concluded that 
in general, when gas molecules strike a surface, the majority of them 
“‘do not rebound from the surface by elastic collisions, but are held by 
cohesive forces until they evaporate from the surface.” In this way a 
theory of adsorption was developed? which has been thoroughly con- 
firmed by later experiments. It was stated: ‘‘The amount of material 
adsorbed depends on a kinetic equilibrium between the rate of con- 
densation and the rate of evaporation from the surface. Practically 
every molecule striking the surface condenses (independently of the 
temperature). The rate of evaporation depends on the temperature 
(van’t Hoff’s equation) and is proportional to the fraction of the sur- 
face covered by the adsorbed material.” 

R. W. Wood? described some remarkable experiments in which a 
stream of mercury atoms impinges upon a plate of glass held at a defi- 
nite temperature. With the plate cooled by liquid air, all the mercury 
atoms condense on the plate, but at room temperature all the atoms 
appear to be diffusely reflected. 

The whole question of the evaporation, condensation, and possible 
reflection of gas molecules has been discussed at some length in two 
recent papers®®. It was pointed out that, in Wood’s experiments, 
there are excellent reasons for believing that the mercury vapor actually 
condenses on the glass at room temperature, but evaporates so rapidly 
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that no visible deposit of mercury is formed. Further evidence of the 
absence of reflection is furnished by the operation of the ‘Condensa- 
tion Pump.’” 

In a second paper, Wood® gives an account of some still more striking 
experiments. A stream of cadmium atoms, striking the walls of a well 
exhausted glass bulb, does not form a visible deposit unless the glass is 
at a temperature below about —90°C. If, by cooling the bulb for a 
moment with liquid air, a deposit is started, this continues to grow in 
thickness even after it is warmed to room temperature. From these 
and similar observations, Wood concludes that: 

1. Cadmium atoms all condense on cadmium surfaces at any 
temperature. 

2. Cadmium atoms condense on glass only if it is at a temperature 
below about —90°C. At higher temperatures, nearly all the atoms 
are reflected. 

This viewpoint leads to no explanation of the changes in the reflec- 
tion coefficient. ‘The results of Wood’s experiments may, however, be 
explained by the theory that all the atoms, striking either the glass or 
the cadmium surface, condense, and that subsequent evaporation ac- 
counts for the apparent reflection. 

Cadmium atoms on a glass surface are acted on by totally different 
forces from those holding cadmium atoms on a cadmium surface. When 
a thick deposit of cadmium which has been distilled onto glass in 
vacuum, is heated quickly above its melting-point, the molten cadmium 
gathers together into little drops on the surface of the glass. In other 
words, molten cadmium does not wet glass. Therefore cadmium atoms 
have a greater attractive force for each other than they have for glass. 
Thus, single cadmium atoms on a glass surface evaporate off at a lower 
temperature than that at which they evaporate from a cadmium sur- 
face. It is not unreasonable to assume that in Wood’s experiments, 
even at —90°C., the cadmium evaporated off of the glass as fast as it 
condensed upon it. 

This theory possesses the advantage that it automatically explains 
the apparent reflection of cadmium atoms from a glass surface at room 
temperature, and indicates why this effect should be absent at low tem- 
peratures. 

We shall see, moreover, that this condensation-evaporation theory 
explains many other facts incompatible with the reflection theory. 

Let us examine for a moment the essential differences between these 
two theories. Wood describes his remarkable experimental results, 
but he has not attempted to discuss the mechanism of the underlying 
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processes. It is clear that Wood uses the term ‘reflection’ merely to 
express the fact that under certain conditions no visible deposit is 
formed when the atoms strike a surface. From this point of view, con- 
_ densation followed by evaporation is the same as reflection. In consid- 
ering the possible mechanisms of the process, however, we must sharply 
distinguish between the two theories. 

When an atom strikes a surface and rebounds elastically from it, we 
are justified in speaking of this process as a reflection. Even if the col- 
lision is only partially elastic, we may still use this term. The idea that 
should be expressed in the word ‘reflection’ is that the atom leaves the 
surface by a process which is the direct result of the collision of the 
atom against the surface. | 

On the other hand, according to the condensation-evaporation theory, 
there is no direct connection between the condensation and subsequent 
evaporation. The chance that a given atom on a surface will evaporate 
in a given time is not dependent on the length of time that has elapsed 
since the condensation of that atom. Atoms striking a surface have a 
certain average ‘life’ on the surface, depending on the temperature of 
the surface and the intensity of the forces holding the atom. Accord- 
ing to the ‘reflection’ theory, the life of an atom on the surface is sim- 
ply the duration of a collision, a time practically independent of tem- 
perature and of the magnitude of the surface forces. 

To determine definitely which of the two theories corresponds best 
with the facts, I have repeated Wood’s experiments under somewhat 
modified conditions. A small spherical bulb, together with an ap- 
pendix containing cocoanut charcoal, was heated to 600°C. for about 
four hours while being exhausted by a condensation pump. A liquid- 
air trap was placed between the pump and the bulb. Some cadmium 
was purified by distillation and was distilled into the bulb, which was 
then sealed off from the pump. The cadmium in the bulb was then all 
distilled into the lower hemisphere. By heating this lower half of the 
bulb to about 140°C., the upper half remained clear, but by applying 
a wad of cotton, wet with liquid air, to a portion of the upper hemi- 
sphere, a uniform deposit formed within less than a minute and con- 
tinued to grow, even after the liquid air was removed. 

When the liquid air was applied only long enough to start a deposit, 
it was found in the first experiments that the deposit did not grow 
uniformly, but became mottled, or showed concentric rings. The 
outer edges of the deposit were usually much darker than the central 
portions. By cooling the cocoanut charcoal in liquid air, this effect 
disappeared entirely and the cadmium deposits became remarkably 
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uniform in density. It is thus evident that traces of residual gas may 
prevent the growth of the deposit, particularly in those places which. 
have been the most effectively cooled. This is probably due to the ad-. 
sorption of the gas by the cooled metal deposit. This gas is appar- 
ently retained by the metal, even after it has warmed up to room tem- . 
perature, so that vapor condensing on the surface evaporates off again 
at room temperature. 

These results indicate how enormously sensitive such metal films are 
to the presence of gas. However, by using liquid air and charcoal con- 
tinually during the experiments, most of these complicating factors 
were eliminated. 

Tf all the cadmium is distilled to the lower half of the bulb and this 
is then heated to 220° in an oil bath while the upper half is at room tem- 
perature, a fog-like deposit is formed on the upper part of the bulb in 
about fifteen seconds. ‘This deposit is very different from that ob- 
tained by cooling the bulb in liquid air. Microscopic examination 
shows that it consists of myriads of small crystals. According to the 
condensation-evaporation theory, the formation of this fog is readily 
understood. Each atom of cadmium, striking the glass at room tem- 
perature, remains on the surface for a certain length of time before evap- 
orating off. If the pressure is very low, the chance is small that another 
atom will be deposited, adjacent to the first, before this has had time to 
evaporate. But at higher pressures this frequently happens. Now 
if two atoms are placed side by side on a surface of glass, a larger 
amount of work must be done to evaporate one of these atoms than if 
the atoms were not in contact. Not only does the attractive force 
between the cadmium atom and the glass have to be overcome, but also 
that between the two cadmium atoms. ‘Therefore the rate of evapo- 
ration of atoms from pairs will be much less than that of single atoms. 
Groups of three and four atoms will be still more stable. Groups of 
two, three, four, etc., atoms will thus serve as nuclei on which crystals 
can grow. ‘The tendency to form groups of two atoms increases with 
the square of the pressure, while groups of three form at a rate propor- 
tional to the cube of the pressure. Therefore the tendency for a foggy 
deposit to be formed increases rapidly as the pressure is raised or the 
temperature of the condensing surface is lowered. 

On the other hand, according to the reflection theory, there seems 
to be no satisfactory way of explaining why the foggy deposit should 
form under these conditions. | 

Experiments show clearly that when a beam of cadmium vapor at 
very low pressure strikes a given glass surface at room temperature, 
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no foggy deposit is formed, although when the same quantity of cad- 
mium is made to impinge against the surface in a shorter time (and 
therefore at higher pressure) a foggy deposit results. This fact con- 
stitutes strong proof of the condensation-evaporation theory. 

A deposit of cadmium of extraordinary small thickness will serve as 
a nucleus for the condensation of more cadmium at room temperature. 
Let all the cadmium be distilled to the lower half of the bulb. Now 
heat the lower half to 60°C. Apply a wad of cotton, wet with liquid 
air, to a portion of the upper half for one minute, and then allow the 
bulb to warm up to room temperature. Now heat the lower half of © 
the bulb to 170°C. In about thirty seconds a deposit of cadmium 
appears which rapidly grows to a silver-like mirror. This deposit only 
occurs where the bulb was previously cooled by liquid air. 

The question arises: how much cadmium could have condensed on 
the bulb in one minute while the lower part of the bulb was at 60°C.? 

The vapor pressure of cadmium has been determined by Barus® 
between the temperatures 549° and 770°C. If the logarithms of the 
pressures are plotted against the reciprocals of the temperature, a 
straight line is obtained from which the following equation for the vapor 
pressure (in bars) is obtained as a function of absolute temperature 


6060 
At 60°C. the vapor pressure of cadmium is of the order of magnitude 
of 4 X 10-’ bars. Now the number of molecules of gas which strike 
a square centimeter of surface per second is 


n = 2.65 X 10 6/4/M T (2) 


Subsicutme WM = 112; 7 = 333°, and » = 4 X< 10-7, we find that 
with saturated cadmium vapor at 60°C., 7 = 5 X 10!° atoms per sec- 
ond per square centimeter. 

The maximum number of atoms of cadmium which can condense in 
one minute on a spot cooled in liquid air when the lower part of the bulb 
is at 60°C. is therefore 3.0 10" atoms per square centimeter. The 
diameter of a cadmium atom is approximately 3.1 < 10-8 cm., so that 
it would require 1.0 X 10% atoms to cover 1 square centimeter with a 
single layer of atoms. 7 

Therefore the deposit which forms in one minute with the vapor from 
cadmium at 60°, contains only enough cadmium atoms to cover 3/1000 
of the surface of the glass. Yet this deposit serves as an effective nu- 
cleus for the formation of a visible deposit. 

If the lower part of the bulb is heated to 78° instead of 60°, the 
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nucleus formed by applying liquid air for one minute causes a visible de- 
posit to grow more rapidly (with the lower part of the bulb at 170°). 
But the nucleus obtained with temperatures above about 78° are not 
any more effective than those formed at 78°. 

A calculation similar to that above shows that the deposit formed in 
one minute at 78° contains 2.5 < 10" atoms per square centimeter, or 
enough to cover 25/1000 of the surface. If we consider that the surface 
of the glass contains elementary spaces each capable of holding one 
cadmium atom, the chance that any given cadmium atom will be ad- 
jacent to another is 1 —(1 — 0.025)’, or 0.16. When the surface is 
allowed to warm up, the single atoms evaporate, but the pairs remain. 
The surface is then covered to the extent of 16% of 25/1000, or 4/1000. 
About 2% of the atoms striking such a surface will fall in positions 
adjacent to those atoms already on the surface. With cadmium vapor 
at 170°, 1.4 <x 10% atoms per square centimeter strike the surface 
each second, so that 2.8 < 10" would condense in the first second 
around the 4 10” atoms remaining on the surface. Thus in only a 
few seconds the whole surface becomes covered with a layer of cadmium 
atoms. This explains why a surface only partially covered with cad- 
mium atoms can serve so effectively as a nucleus. If a much smaller 
fraction than 0.025 of the surface is covered, however, there is a long 
delay in completing the first layer of atoms, so that the visible deposit 
is formed much more slowly. 

The above experiments prove that the range of atomic forces is very 
small and that they act only between atoms practically in contact with 
each other. Thus a surface covered by a single layer of cadmium 
atoms behaves, as far as condensation and evaporation are concerned, 
like a surface of massive cadmium. This absence of transition layer 
is in accord with my theory of heterogeneous reactions. 

One of the best proofs of the correctness of the condensation-evap- 
oration theory was obtained in experiments in which nuclei formed at 
liquid air temperature, were not allowed to warm up to room tem- 
perature, but only to —40°C. In this case the nuclei were formed in 
one minute from cadmium vapor at 54°C. The nuclei which were 
kept at —40°C. developed rapidly into cadmium mirrors in cadmium 
vapor at 170°, while those at room temperature developed extremely 
slowly. A still more striking demonstration of the theory was ob- 
tained when one of the nuclei was allowed to warm up to room tem- 
perature and then cooled to —40° before exposure to cadmium vapor 
at 170°. This nucleus did not develop nearly as rapidly as that which 
had not been allowed to warm up to room temperature. 
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These experiments prove that single cadmium atoms actually evap- 
orate off of a glass surface at temperatures below room temperature, 
although they do not do so at an appreciable rate from a cadmium 
surface. 

This theory affords a very satisfactory explanation of Moser’s breath 
figures on glass and the peculiar effects observed in the formation of 
frost crystals on window panes. In fact, the theory appears capable 
of extension to the whole subject of nucleus formation, including, for 
example, the crystallization of supercooled liquids. 

The final paper will be submitted to the Physical Review for 
publication. 
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THE NINTH SATELLITE OF JUPITER 
By Seth B. Nicholson 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, January 18, 1917 


The Ninth Satellite of Jupiter, whose discovery was announced in 
these ProceEpincs, 1, 1915, (12), was rediscovered at the Lick Observa- 
tory during the 1915 opposition and the observations secured then were 
forwarded to me before publication. On the basis of these positions the 
preliminary orbit, derived from observations in 1914 at the time of 
discovery, was approximately corrected so that the satellite could be 
more easily located at the 1916 opposition. Four images of it have 
been found on plates taken here by Mr. Shapley with the 60-inch re- 
flector. Although the computed position was in error by about 2’ 
there can be no doubt as to the identification of the object. 

Observations are now available for three oppositions and the orbit 
is being corrected to satisfy them. Although the final elements will 
differ considerably from those now available, our present knowledge of 
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the satellite’s motion is sufficient to give a fair idea of the principal 
characteristics of the orbit. These are best exhibited by the accom- 
panying diagram which shows the orbit projected on a plane (inclined 
to the ecliptic at an angle of 24°) from which it does not deviate greatly 
during 1914 and 1915. At the end of 1916, however, the satellite as seen 
from Jupiter was about 4° from this plane. The dotted line in the dia- 
gram shows the intersection of the projection plane with the plane of the 
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SCALE IN ASTRONOMICAL UNITS 


ORBITS OF JUPITER’S EIGHTH AND NINTH SATELLITES 


ecliptic. ‘The feathered arrow points in the direction of the vernal equi- 
nox. Since the motion of the satellite is retrograde, the corresponding 
values are for 7 and Q are 156° and 310°, respectively. For comparison, 
the orbit of the Eighth Satellite from the investigation by A. C. D. Crom- 
melin?is also shown, projected on the same plane as the orbit of the Ninth 
Satellite. The angle between the two orbit planes is about 10°. The 
points where the satellites pass above and below the plane of projection 
are designated by the letter P. ‘The small circles indicate the positions of 
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both satellites at the times of Jupiter’s opposition in 1914 and 1915 and 
of the Ninth Satellite in 1916. The corresponding directions of the earth 
are shown by the arrows, and the relative positions of the earth and the 
two satellites explain how in 1914 the new satellite was found on the 
same plate as the Eighth. The orbits of the Sixth and Seventh Satel- 
lites, which are also shown in the figure, are drawn to scale but have 
not been projected into the plane of the figure. 

The perturbations produced by the sun are very large for both satel- 
lites on account of their great distance from the primary. The orbits, 
therefore, are not even approximate ellipses; their points of greatest 
and least distance from Jupiter are indicated. It is of course impos- 
sible from the data now available to say much about the mean ele- 
ments of the Ninth Satellite, but the mean period is likely not far from 
745 days. The eccentricity appears to be a little less than that of the 
Eighth Satellite. 

The magnitude of the Ninth Satellite was found by Mr. Shapley 
to be 18.3 on October 18 and 19, 1916,? which corresponds to 18.6 at 
mean opposition. With reasonable assumptions for the albedo and 
color index, this would indicate a diameter of about 15 miles. As seen 
from Jupiter the satellite at full phase would be between the 11th and 
12th magnitudes, depending on its distance from the planet. 


1Nicholson, S. B. Berkley, Lick Obs. Univ. Cal. Bull., No. 272, 1915. 

2Crommelin, A. C. D., London, Mon. Not. R. Astr. Soc., 71, 1910, (50-62). 

3Nicholson, S. B., and Shapley, H., Pub. Astr. Soc. Pac., San Francisco, 28, 1916, 
(281-282). 


AORTIC CELL CLUSTERS IN VERTEBRATE EMBRYOS 
By H. E. Jordan 


DEPARTMENT OF ANATOMY, UNIVERSITY OF VIRGINIA 
Communicated by A. G. Mayer, December 1, 1916 


Aortic cell clusters In mammals were first described by Maximow! 
(p. 517) in rabbit embryos. Minot? (p. 523) subsequently described 
similar structures in human embryos of from 8 to 10 mm. length and 
in rabbit embryos. Emmel* reported aortic cell clusters in rat em- 
bryos, rabbit embryos, and in pig embryos of from 6 to 15 mm. 
Jordan‘ discovered these clusters in pig embryos (10 to 12 mm.) at 
about this same time, and reported their presence also in mongoose 
and turtle embryos. Emmel® later published a detailed description of 
the aortic clusters of the pig embryo. Meanwhile I had observed 
them also in chick embryos of 3 to 4 days’ incubation. Dantschakoffé 
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had already reported similar structures in the chick. Aortic cell 
clusters would seem to be a common feature of certain early stages 
of vertebrate development. 

All of the above-named investigators agree in interpreting the con- 
stituent cells of the clusters as hemoblasts, variously designated as 
‘lymphocytes,’ ‘mesameboids,’ progenitors of macrophages ? hemo- 
blasts. Minot? alone disagrees with the otherwise unanimous con- 
clusion that -they represent endothelial differentiation products. That 
they are endothelial derivatives, however, rather than accretion 
products of hemoblasts from the circulating embryonic blood is easy of 
demonstration. Aortic cell clusters represent one phase of the general 
hemogenic capacity of embryonic endothelium. 

The doctrine of the partial endothelial origin of hemoblasts from 
embryonic endothelium has become associated with the monophyletic 
hypothesis of blood cell origin (Maximow)! that of the non-hemogenic 
capacity of endothelium with the polyphyletic and diphyletic hypotheses 
(Stockard).?7 The question of the genetic relationship between endo- 
thelium and certain cellular elements of the embryonic blood touches 
also the ‘angioblast’ theory of His. The two chief tenets of this theory 
are : (1) the inability of intraembryonic mesenchyme to produce blood 
vascular tissue, and (2) the incapacity of endothelium to differentiate 
into blood cells. Abandonment of the first tenet has been forced 
largely through the experimental work of Hahn,® of Miller and 
McWhorter,? of Reagan,’ and of Stockard;’? and the morphologic 
studies of Schulte!! on the cat embryo, those of McClure” on the 
trout embryo, and the studies of Huntington™ on the development 
of the lymphatics in amniotes. The surrender of this portion of the 
original theory is gradually being made by some of its staunchest advo- 
cates (vide Sabin“). The disproof of the second tenet is the chief burden 
of this investigation. 

The material studied includes three mongoose embryos of 5, 6, and 
7 mm. respectively, a series of pig embryos of from 8 to 12 mm., chick 
embryos of the third and fourth day of incubation, and a series of twenty 
loggerhead turtle embryos ranging from the second to the thirty-second 
day of incubation. These embryos are variously preserved and stained, 
the several methods including fixation with Helly’s fluid and staining 
with Giemsa’s solution. 

This description confines itself almost exclusively to the 5 mm. mon- 
goose embryo and the 12 day turtle embryo. This selected material 
is at just the proper stage of development to furnish the key for the cor- 
rect interpretation of the larger aortic clusters of the 10 mm. pig embryos. 
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The study was approached by way of the yolk sac of the mongoose 
embryo. The endothelial origin of hemoblasts can here be readily 
demonstrated. ‘These observations on the mongoose yolk-sac confirm 
my’ previous findings regarding the hemogenic réle of yolk-sac endo- 
thelium in the 10 mm. pig embryo. 

The second step involved a search for similar intraembryonic phenom- 
ena. It seemed reasonable to expect that, since the yolk-sac mesen- 
chyme could differentiate directly into blood cells and into endothelium, 
and since the endothelium could subsequently transform into blood cells 
then the same order of events should probably follow also in the intra- 
embryonic mesenchyme; and further, since mesenchyme is the funda- 
mental hemogenic tissue, and since both endothelium and mesothelium 
in the embryo are only slightly modified mesenchyme (chiefly by means 
of the mechanical factor of pressure—vide Huntington," p. 265), 
then embryonic mesothelium and endothelium should both in the only 
slightly differentiated condition be capable of producing cellular blood 
elements (hemoblasts). 

That mesothelium can differentiate into vascular tissue has been 
shown by Bremer’ in the case of the body stalk of a 1 mm. human em- 
bryo. Examination of the intraembryonic endothelium in the pig 
and mongoose revealed, in the smaller pericerebral blood channels, an 
occasional endothelial cell rounding up and taking on hemoblast 
features and finally separating from the endothelial wall; and led to the 
discovery and detailed study of the aortic clusters of hemoblasts, with 
the origin and significance of which this paper is largely concerned. 
Moreover, investigation of the pericardial mesothelium disclosed very 
similar clusters, both attached to the visceral and the parietal peri- 
cardium, and lying free within the pericardial cavity. Emmel!® has 
recently described comparable structures in the 12 mm. pig embryo. 
Occasional individual cells can also be seen in process of separation 
from the visceral pericardium in the mongoose embryo. 

The suggestion has been made that what is interpreted as a hemo- 
blast in the act of differentiation and separation from the endothelium, 
is simply an endothelial cell in preparation for division. Many divid- 
ing endothelial cells from the pericerebral mesenchyme were observed 
with this suggestion in mind. But no endothelial cell, even at metaphase 
of mitosis, appeared rounded up in the same fashion as the differen- 
tiating hemoblast, nor to the same degree; at most it was merely a stout 
fusiform body, without the distinct unilateral bulge equatorially which 
is characteristic of the hemoblast during the later stages of its sep- 
aration from the endothelium. Moreover, the nucleus of even the 
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stoutest endothelial hemoblast at this stage is in the typical resting 
condition. 

As regards the aortic cell clusters, the 5 mm. mongoose embryo shows 
admirably various early stages in their origin and development, and 
so furnishes the key to the interpretation of the later products. And 
the 12 day loggerhead turtle embryo shows besides, the peculiar intra- 
vascular encapsulated cell clusters, and the endothelial strands, recently 
noted also for a 12 mm. pig embryo by Emmel? in a footnote to his 
paper (p. 407) on aortic cell clusters in mammals; and the conditions 
in this respect also are such as appear to solve the mystery of their 
genetic significance. | 

The aortic cell clusters in the mongoose embryo of from 5 to 7 mm. 
range from such as are composed of only a single cell to those composed 
of a score or more. Single cells or groups of two or three can be seen 
separating from the endothelium at any point, even along the mid- 
dorsal line. Larger groups are found only in the ventral and ventro- 
lateral portions, frequently in more or less close relation to the mouths 
of the lateral mesonephric branches or the ventral intestinal rami. This 
proliferative activity of the aortic endothelium is present only in the 
abdominal portion of the aorta, approximately coextensive with the 
mesonephroi. Single endothelial cells may round up and take on 
hemoblast features and separate from the wall in exactly the same 
manner as that by which the hemoblasts are derived from the endothe- 
lium of the yolk-sac vessels and in the pericerebral vascular channels. 
The process is the same in the yolk sac and the embryo, and indicates 
a common hemogenic capacity of embryonic endothelium. 

The mongoose material shows also the initial stages in the formation 
of the larger cell clusters. ‘Throughout the ventral half of the abdominal 
aorta, the endothelium at certain points appears to buckle into the 
lumen. This invaginated area may be more or less extensive, and 
may include a considerable portion or none of the subjacent mesen- 
chyme. ‘The cause of the buckling remains obscure, though the sug- 
gestion lies close to hand that it may be related to the caudal shifting 
of the embryonic representatives of the celiac, superior mesenteric and 
inferior mesenteric arteries; a process dependent in part at least upon 
the presence of a less rigid and less differentiated endothelium ventrally, 
permitting thus of an inequality of growth as between the ventral and 
dorsal walls or allowing for the formation of successively lower connect- 
ing vascular segments for the migrating definitive stems. 

The endothelium seems to be lacking centrally underneath the cell 
clusters. ‘This is explained by the fact that the larger clusters arise by 
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an invagination of the endothelium over an area of some extent rather 
than by process of proliferation of one or several differentiating endo- 
thelial cells. Proximally the clusters show transition stages between 
endothelial cells and hemoblasts (laterally) and between mesenchymal 
cells and hemoblasts (centrally). The subjacent mesenchyme of the 
larger clusters may become thickened, sometimes assuming the features 
of a stratified endothelium, and the nuclei are relatively much more 
abundant, smaller, and less differentiated. In the larger clusters, the 
peripheral cells, some of which show early erythroblast features, begin 
to separate from the central group. Within the clusters some of the 
cells are in mitosis, while the nuclei of others may appear at some phase 
of amitotic division; and an occasional cell may show phagocytic proper- 
ties. Sometimes the core of the cluster shows transition stages between 
the endothelium or mesenchyme and hemoblasts. Many of the nuclei 
subjacent to the cluster appear at some phase of amitotic division. 
The absence of mitotic figures in the subjacent endothelium constituted 
the strongest of the three objections made by Minot? against 
the interpretation of the aortic clusters as endothelial derivatives. 
It would seem that the method of proliferation is here largely amitotic. 

The aortic cell clusters of the mongoose embryo originate from the 
cells of an invaginated area of endothelium; they enlarge by intrinsic 
growth and differentiation, not by accretions from the circulating 
blood. Similar clusters appear also in the superior mesenteric artery. 
In a 10 mm. pig embryo a large aortic cluster, 130 microns in diameter, 
appears near the mouth of the superior mesenteric artery and consists 
of a hundred or more cells. Clusters appear also along the greater 
length of this definitive aortic stem. 

In the 12 day loggerhead turtle embryo, encapsulated clusters and 
extensive strings of hemoblasts attached to the endothelium appear in 
the inferior vena cava, near the point of fusion of the original paired 
subcardinal veins; and in the jugular veins. The endothelial strands, 
some of the cells of which bear hemoblast features, are most probably 
only another aspect of the general hemogenic capacity of young endo- 
thelium. Emmel> saw similar strands in the proximal portion of 
the left umbilical artery, and in the aorta of this level, in two 12 mm. 
pig embryos, and suggests that they may be related to the fusion of the 
two original dorsal aortae. In the case of the development of the in- 
ferior vena cava, the coincident fusion between the originally separate 
post—and sub-cardinal veins involves the formation of young, less dif- 
ferentiated, endothelium and so offers a favorable site for hemoblast 
production by endothelium. 
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The encapsulated cluster present in this same region of the inferior 
vena cava may be explained as follows: Subjacent to such clusters the 
mesenchyma appears to be differentiating into hemoblasts; this ob- 
servation may give the clue to the correct interpretation of these clusters. 
If the invaginating area of endothelium included a considerable por- 
tion of such differentiating (vascularising) mesenchyme, then the periph- 
eral cells might possibly be so far outstripped in the expression of 
their hemogenic potentiality as to be forced, perhaps principally by 
reason of internal pressure from the differentiating and proliferating 
cells, to continue development along the line already begun, namely 
into definitive endothelium. 

The whole series of phenomena above described seems to me to signify 
only various aspects of the same process, the hemogenic activity of 
embryonic endothelium. Though perhaps not essential, it appears 
nevertheless to be a normal process, consequent to the inherent capacity 
of endothelium to produce hemoblasts. 

Emmel?.!8 interprets the endothelial and mesothelial desquamation 
products, both cells and clusters, in terms of the stimulative effect 
of a pathologic factor upon the endothelium; a toxin whose source 
is in the degenerating cells of atrophying redundant ventral aortic 
rami, and in degenerating erythrocytes in the serous cavities in the case 
of the mesothelia. 

That atrophying vascular stems are present at this stage, both in 
relation to the aorta, and the inferior vena cava, cannot be disputed. 
In the 7 mm. mongoose embryo the solid regressive ventral aortic stems 
are especially conspicuous. At least a portion of the caudal shifting 
of the three large aortic rami is due to a progressive atrophy of upper 
portions of a connecting net of vessels. But coincident with this phase 
of a regressive development among the upper roots, there may possibly 
be a new formation of lower roots. I incline to see the cause of cluster 
formation in the latter possibility rather than in the former fact. 

Great stress is laid by Emmel upon the structure of the atrophying 
rami. Some of these are occluded by intravascular collections of hemo- 
blast-like cells, both in the 10 mm. pig embryo and in the 7 mm, mon- 
goose embryo. With these intra-arterial cell masses some of the aortic 
clusters are intimately related. Emmel ascribes the presence of this 
intra-arterial mass to the stimulative action of a dilute toxin, presum- 
ably liberated by the regressive aortic branches. This explanation is 
suggested by an alleged comparable pathologic process where endothe- 
lium is believed by certain pathologists (e.g., Mallory*) to be stimulated 
to the formation of ‘endothelial leukocytes’ (‘large mononuclear leuko- 
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cytes’) by dilute toxins such as are produced by typhoid and tubercle 
bacilli. A more likely interpretation, it seems to me, would attribute 
the presence of the intra-arterial cell mass of the smaller rami to the 
relatively slightly differentiated character of the endothelium. The oc- 
clusion of the rami and the degeneration (karyorrhexis) of the cells would 
thus be a secondary effect of the constriction of the regressive atrophy- 
ing vessels. In other words, the intra-arterial cell mass is not the result 
of the action of a toxin; but the occlusion and degeneration (and the 
possible formation of a ‘toxic’ substance) are all the related common 
sequalae of the shrinking of the atrophying vessel around a previously 
present, normally produced, mass of hemoblasts. 

But the most damaging countervailing evidence to the interpretation 
of endothelial cell-cluster derivatives as the result of a stimulative toxin, 
consists in the fact that in the definitive superior mesenteric artery of 
the 10 mm. pig embryo numerous cell clusters appear, even in the mid- 
dle third of the vessel which is a level that could not be directly affected 
by a possibly later further caudal migration of this artery through 
atrophy of its present connecting aortic root; and which shows not the 
slightest indication of atrophy or degeneration, either of the vessel wall 
or the included blood cells, other than the presence only of hemoblast 
clusters. 

In all the forms studied (pig, mongoose, chick, turtle) the superior 
mesenteric artery also contains both clusters and individual cells in 
‘ process of differentiation into hemoblasts. Moreover, not all the ventral 
rami which ultimately disappear contain clusters or intra-arterial cell 
masses; and occasional clusters are relatively far removed from the 
mouths of any aortic branches. 

If some toxin were correctly held responsible for the endothelial 
activity in the formation of isolated and aggregated hemoblasts, it 
becomes very difficult to explain its localized effect. The same ob- 
jection holds regarding the clusters in the superior mesenteric (vitelline) 
artery. If the source of the toxic substance is here supposed to be de- 
generating cells of the yolk sac, its influence should be felt far beyond 
this vessel itself, or the ventral portion of only the abdominal segment 
of the dorsal aorta. A certain amount of cell disintegration no doubt 
occurs over wide areas of embryonic vascularised tissue, and numerous 
primitive venous channels also disappear; but, though extensively 
studied by various investigators, no cell clusters have been reported 
except in the ventral portion of the dorsal aorta (and in this paper, in 
the inferior vena cava near the point of fusion of the subcardinal veins), 
levels where a less differentiated endothelium is present as well as re- 
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gressive vascular channels. Furthermore, no atrophy of vessels nor 
any uncommonly extensive disintegration of erythrocytes have appeared 
in the yolk sac at these early stages (7 mm. in mongoose embryo; 10 
mm. pig embryo) and yet the endothelial derivation of hemoblasts is 
very active. 

It may be emphasized that as regards the endothelial origin and the 
composition of the aortic cell clusters, and as regards the mesothelial 
origin of cellular elements of the serous fluids, Emmel and I are in es- 
sential agreement. But Emmel views these structures as the result 
of the presence of a stimulating toxin; I see in them only the expression 
of a normal inherent capacity of embryonic endothelium to produce 
blood cells. The explanation of the limited distribution of the clusters 
is to be found in a relationship to young or newly formed, only slightly 
differentiated, endothelium; rather than in a connection with regressive 
blood vessels and an associated toxic substance. 

All the facts seem to fit better the hypothesis that the hemogenic 
activity of embryonic endothelium is a normal function at a certain 
stage of embryonic development, than that the causative stimulus is a 
toxin derived from degenerating vascular tissues. 


1 Maximow, A., Arch. mikr. Anat., Bonn, 73, 1909, (444-561). 

2 Minot, C., Keibel, and Mall, Human Embryology, Philadelphia, 2, 1912, (498-534). 

3 Emmel, V. E., Anat. Rec., Philadelphia, 9, 1915, (77-78). 

4 Jordan, H. E., Ibid., 10, 1916, (417-420). 

5 Emmel, V. E., Amer. J. Anat., Philadelphia, 19, 1916, (401-422). 

6 Dantschakoff, V., Folia Haematologica, Leipzig, 4, 1907, (159). 

7 Stockard, C. R., Amer. J. Anat., Philadelphia, 18, 1915, (227-327). 

8 Hahn, H., Arch. Entw.-Mech., Jena, 27, 1909, (91). 

9 Miller, A. M., and McWhorter, J. E., Anat. Rec., Philadelphia, 8, 1914, (203-227). 

10 Reagan, F. P., Lbid., 9, 1915, (329-341). 

11 Schulte, H. von W., Mem. Wistar Inst., Philadelphia, 3, 1914, (1-90). 

2 McClure, C. W. F., Ibid., 4, 1915, (1-140). 

13 Huntington, G. S., Amer. J. Anat., Philadelphia, 16, 1914, (259-316). 

14 Saline, F. R , Science, New York, N. S., 44, 1916, (145-158). 

15 The mongoose embryos were collected at Montego Bay, Jamaica, B. W. I., in March, 
1912; the loggerhead turtle embryos on Loggerhead Key, Florida, in the summer of 1914. 
I am indebted to the Department of Marine Biology of the Carnegie Institution of Wash- 
ington for the privilege of accompanying the scientific expedition to Jamaica, and for 
the excellent facilities provided at Loggerhead Key. To the Director, Dr. Alfred G. 
Mayer, I am under obligations for valuable help and many kindnesses. 

16 Jordan, H. E., Amer. J. Anat., Philadelphia, 19, 1916, (277-304). 

17 Bremer, J. L., [bid., 16, 1914, (447-476). 

18 Emmel, V. E., [bid., 20, 1916, (73-124). 

19 Mallory, F. B., The Principles of Pathologic Histology, Philade:phia, 1914, (1-677). 


ZOOLOGY: H. JORDAN 157 


RHEOTROPISM OF EPINEPHELUS STRIATUS BLOCH 


By Hovey Jordan 


BERMUDA BIOLOGICAL STATION FOR RESEARCH, AGAR’S ISLAND, BERMUDA! 
Communicated by E. L. Mark and read before the Academy, November 14, 1916 


An unusual, but orderly, arrangement displayed by several groupers 
or hamlets (a marine fish, Epinephelus striatus Bloch), confined in a 
cage through which flowed a current of fresh seawater, called my atten- 
tion to their peculiar rheotropism. The tails of all were directed znio 
the current. When this was shut off their arrangement became pro- 
miscuous, indicating that their novel posterior orientation was a true 
rheotropic response. 

This phenomenon led me to investigate in detail the behavior of these 
fishes both in groups and individually, in order to determine whether 
this posterior orientation to a current—which, so far as I have been 
able to learn, is undescribed—is a normal response of the grouper. 
For this purpose a number of fishes were placed in the cage and a record 
was made of the positions which they assumed at two-minute intervals. 
These observations were made both at night and during different parts 
of the day. In one record, which is fairly typical, the positions of each 
of 7 fishes at 30 successive intervals—in all 210 observations—were 
noted. Of the 210 observations 141 showed the fishes to be tail into 
the current (posterior orientation), 67 side to the current (lateral orien- 
tation), and only 2 head into the current (anterior orientation). In 
order to determine whether posterior and lateral positions indicate dif- 
ferent responses by individual fishes, or are simply phases of one reac- 
tion, fishes were studied singly. For this I used a small aquarium 
(30 x 20 inches) across which a moderate current of water flowed diag- 
onally. Each of the fishes tested remained most of the time near the 
inlet in the region of the strongest current. It assumed in succession 
slightly different positions, chiefly by rotating the long axis of the 
body through an arc of 90° to 180° around its own center, which pre- 
served a comparatively fixed position in the axis of the current, so that 
either one side of the body or the tail was at any given instant directed 
toward the current, into which, however, the head was never pointed. 
After assuming approximately a dozen such temporary positions, 
which required about three or four minutes, the grouper tailed directly 
into the current and remained in this position for about three minutes. 
It then began a second series of changes similar to the first. In this 
sequence of positions it is perhaps most natural to regard as a single 
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period the time occupied from the beginning of one set of “swinging 
motions’ to the beginning of the next; thus the posterior orientation, 
which is of longest duration, is the last phase of the orienting process. 
A characteristic reaction, then, of Epinephelus striatus is posterior or 
lateral orientation to a current. Since in a majority of cases the orien- 
tation is posterior, and since this is maintained longer than any other 
position, it is a fair inference that this is the significant reaction. 

Various regions of the body were explored with a localized current 
(1/28 liter per second) directed through a long glass tube, the experi- 
menter being invisible to the fish. The following areas were found to 
be sensitive, but the response varied in promptness. Stimulation of 
the lips (if prolonged it causes a relatively violent reaction) brought 
forth a response in 7 seconds; the caudal fin in 16 seconds; the dorsal 
fin in 22, the cheek and operculum in 25, and the side of the body in 30 
seconds. From these observations it is clear that the lip region is much 
the most sensitive part of the surface of the body, and the possibility 
is at once suggested that the posterior orientation of the fish is a reac- 
tion which serves to protect this region from the action of the current. 
This seems the more probable from the fact that prolonged stimulation 
of this region by the current employed in the experiment always caused 
a rather extraordinary and violent reaction. 

Several end organs have, at one time or another, been regarded as 
the receptors in the case of rheotropic responses: lateral-line organs? 
(Schulze, ’70); the organs concerned in response to pressure’ (Ver- 
worn, 797, p. 445ff., barotaxis), and the ear® (Tullberg, ’03). 

Two other views have been advocated, first, that it is the tactile cor- 
puscles which are stimulated by currents®+ (Parker, ’03a, ’03b); second- 
ly, that it is chiefly the eyes which are stimulated, this being due to the 
transportation of the fish through the water. According to this view? 
(Lyon, ’04), rheotropic reactions are chiefly optic reflexes, which serve 
to compensate the apparent motion of the visual field. This is an in- 
direct effect, a direct stimulation being produced only when the fish 
is in contact with some part of the solid environment. ‘This, in the case 
of blind fishes, Lyon thinks acquaints the animal with its transporta- 
tion and a compensatory swimming results. 

In studying the question of rheotropic end organs, observations—to 
be described elsewhere—were made which confirm the idea that sense 
cells of pressure and equilibration are unaffected by water currents. 
The lateral-line organs and the eyes, which can be rendered function- 
less by appropriate operations, are also unaffected. The skin was 
next removed from certain body areas and the underlying tissue was 
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found to be insensitive to localized currents. This indicates that the 
rheotropic end organs are cutaneous; of these only the tactile corpuscles 
- were found to be of significance. This is shown by the following 
experiments. Under normal conditions stimulation of the lips by 
a glass rod produces a very violent negative reaction, and so, too, does 
a current of water of the sort just described. The lips of a normal fish 
were anaesthetized by the application of a 0.1% solution of cocaine. As 
a result the reaction (and assumably the sensitivity) to tactile stimulus 
disappeared completely, and also the reaction to the water current. Not 
only that, but also the parallelism between the effects of the two sorts 
of stimuli at any instant, both during the gradual benumbing of the 
lips by the reagent and during their progressive recovery from insen- 
sitivity, seemed to be complete. These facts indicate that the end or- 
gans of tactile sensitivity serve also as the essential and organs of rheo- 
tropic sensitivity. Other sensory cells, while they may in some cases 


be affected by currents, apparently play no necessary part in the re- 
action here described. 


1 Contributions from the Bermuda Biological Station for Research, No. 56. 
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4 Parker, G. H., Amer. Nat., Boston, 37, 1903, (185-204). 

5 Schulze, F. E., Arch. mikr. Anat., Bonn, 6, 1870, (62-88), Taf. 4-6. 

§ Tullberg, T., Vet.-Ak. Bih., Stockholm, 28, 1903, (No. 15, 25 pp.). 
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STUDIES OF THE GENUS PHYTOPHTHORA 
By J. Rosenbaum 


BUREAU OF PLANT INDUSTRY, WASHINGTON, D. C 
Communicated by R. Pearl, January 10, 1917 


Although the actual number of species of Phytophthora is small, 
geographically they are very widespread, their presence having been 
recorded from the tropics as well as the temperate regions. 

The morphological similarities between the different species, together 
with the great variation in the same species make the identification and 
separations of the species belonging to this genus exceedingly difficult. 
With a view to remedying this situation and determining characters of 
diagnostic value, nine out, of the eleven described species were collected, 
grown in pure culture on artificial media, and studies made from a sys- 
tematic and biometrical standpoint. It was not possible to procure 


material of P. thaliciri and P. colocasiae. The following is a list of the 
cultures used: 
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P. infestans, P. arecae, 

P. cactorum, P. parasitica, 

P. phaseoli, P. faberi, 

P. nicotianae, P. jatrophae, 

P. syringae, P. fagi, given as a synonym of 


P. cactorum in Saccardo.t 


The characters to be relied on in taxonomic work must be constant 
under all conditions and not correlated with certain adaptations to 
habitat. In the work here set forth separation and relationship of spe- 
cles are made on the aggregate of characters, it being borne in mind that 
the proportionate value to be attached to each character must neces- 
sarily vary. 

The most valuable characters that can be employed are doubtless 
those which are exhibited by the reproductive organs, and which fur- 
nish means of separating the genus into different groups. Other 
characters which have been found can be conveniently used in sepa- 
rating the various species, arranged as nearly as possible in the order 
of their importance, are (1) the size, and morphology of the sexual 
reproductive bodies, conidia, chlamydospores and other structures; 
(2) shape of the terminal papillum in the conidium; (3) the ratio of 
the length to the width of conidia; (4) variation in the mycelium, 
and (5) the macroscopic growth, time of appearance of spores and 
kind of spore forms produced on various media. | 

As artificial media were most generally employed, it seemed impor- 
tant to determine whether these media influenced the morphology and 
size of the various structures to any appreciable extent. Preliminary 
trials were made with P. infestans on potato foliage and artificial media, 
but no appreciable differences between the spore production on the 
potato foliage and those grown on artificial media could be detected. 
As far as possible, all the forms were subjected to identical conditions. 

Measuring spore forms to delineate species in the various fungous 
groups is a well established practice. In forms less variable than those 
of Phytophthora a small number of such measurements might be suffi- 
cient to determine the average size. The conidia of Phytophthora, 
however, are so variable that a small number of measurements is apt 
to be misleading. For this reason four-hundred measurements were 
made of each form, including the length and width of conidia, the ratio 
of the length to the width and diameter of oospores and chlamydospores. 
On account of the great variability in the individual measurements, 
biometrical methods were used to obtain constants more readily com- 
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parable than a large mass of individual measurements. The con- 
stants obtained are the mean, median, mode, standard deviation and 
_ skewness. The measurements were made at the time of the first ap- 
pearance of conidia and oospores, at which stage the cultures most 
nearly approach the normal. The cultures were kept at approxi- 
mately 20°C. 

After making a number of measurements of conidia and observing 
the great variation in size, it occurred to me that by continual plant- 
ings from large selected individuals cultures could finally be obtained 
which would produce only large conidia and vice versa. After making 
a large number of dilution plates and selecting single large spores for 
five generations, it was found that there was no material difference 
between the percentage of large and small conidia in the original 
culture and the culture resulting from the last selection. 

The following summarizes the results of the above studies: 

1. The various forms reacted differently on different media as re- 
gards rate of growth and spore forms produced. 

2. The temperature at which cultures are grown is a factor in the 
production of normal and comparable cultures. 

3. As a minor character, the macroscopic appearance of the growth 
on a given medium is of some value. 

4. The time of appearance of the spore forms from different strains 
of the same species on a given medium may vary, but eventually the 
same forms appear. 

5. On oat agar the mycelia of the various species cannot be distin- 
guished with any degree of certainty; on potato agar P. syringae can 
be distinguished from the remaining species by the fact that it pro- 
duces characteristic tuberculate mycelia. P. nicotianae can likewise 
be distinguished to a certain extent by the more gnarled mycelia and 
greater abundance of globoid particles of a fatty or glycogen nature 
within the threads. 

6. Measurement of the conidia can be employed to aid in delineating 
species, provided a sufficiently large number are measured. It is sug- 
gested that at least 200 should be measured and the different measure- 
ments grouped into classes. 

7. For the purpose of obtaining a quantitive measure of the shape 
of the conidia the ratio of the length to the width of the conidia should 
be obtained and the ratios likewise grouped into classes. A compari- 
son of the conidia of P. parasitica and P. nicotianae illustrates this 
point. Heretofore the differences in shape in the conidia of these two 
species would be expressed only qualitatively, calling the former 
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long and ellipsoidal, while the latter would be short and globose. 
Expressed quantitively, as a result of measuring the length and width 
of 400 individuals of each species and obtaining the ratios of the length 
to the width, the conidia of P. parasitica group themselves about a 
predominating ratio of 2, while P. nicotianae are found at 1.2. Sim- 
ilarly the ratios of the conidia of all the remaining species will vary 
from 1 + to2 +. 

8. The degree of the development of the papillum is a good char- 
acter to be employed in taxonomic work. 

9. In their germination of conidia by means of swarm spores, at least 
some of the species of Phytophthora liberate their zoospore mass into 
a bladder or vesicle, thus showing a greater relationship to Pythium 
than had been suspected. 

10. Certain of the species of Phytophthora produce chinese 
either terminally or intercalarly. 

11. The measurement of the chlamydospores can be used to good 
advantage in delineating species. A sufficiently large number should 
be measured as in the case of the conidia. 

12. The relation of the antheridium to the oogonium, ae is whether 
produced at the base or on a side, can be used in separating the genus 
into groups, viz.: Cactorum group and Phaseoli group. 

13. An additional group (Faberi group), analogous to the Fungi 
Imperfecti group, and embracing forms in which antheridia are ab- 
sent or where their relation to the oogonium is yet unknown, is tenta- 
tively established. 

14. In one of the several strains of P. infestans oospore-like bodies 
resembling those observed by other investigators were produced. 
Antheridia, however, were either absent, or of a very eae nature 
if present. 

15. As in the case of conidia and chlamydospores, a sufficiently 
large number of measurements of the oospores should be made if the 
measurements are to be used in identifying a species. 

16. On account of the variability in the size of the spore forms be- 
longing to this genus, a more ready comparison can be made by the 
use of biometrical constants than by a mass of individual measurements. 
Such biometrical constants were calculated and arranged into tables. 
By the use of these constants the identity and relationship of the 
species are further confirmed. 

17. In closely related genera, such as Pythium, Pythiacystis, 
Peronospora, Plasmopora, and Sclerospora, the identification and 
separation of species are made with difficulty. Many of the diagnostic 


PHYSICS: E. H. HALL 163 


characters enumerated in this paper can be employed to good advan- 
tage in the identification of species belonging to these genera. 


1Saccardo, P. A., Phytophthora cactorum (C. et L.), Schroet. Syll. fung., 7, 1888, (238). 
2The complete paper is published in J. Agric. Res., 8, 1917, No. 7. 


A POSSIBLE FUNCTION OF THE IONS IN THE ELECTRIC CON- 
DUCTIVITY OF METALS 


By Edwin H. Hall 


JEFFERSON PHYSICAL LABORATORY, HARVARD UNIVERSITY 
Read before the Academy, November 14, 1916 


The following paper is a development, in certain particulars, of a 
suggestion concerning electric conduction in metals which I made in 
Il Nuovo Cimento for January-February, 1915. It rejects the free 
electrons within the metal as the vehicle of the electric current and puts 
in their place for this function the metal ions, necessarily equally numer- 
ous with the free electrons. Briefly stated, the idea of conduction 
which I have had in mind is the following: a 

At very low temperatures the atoms of a metal are packed so closely 
that electrons pass readily from one to another in a continuous proces- 
sion through the metal, if there is an applied electromotive force to 
maintain progression in one direction. Free electrons and metal ions, 
if indeed ionization exists at the lowest temperatures, need not be called 
into action here. 

With rising temperature the heat vibrations separate the atoms so 
that they are not always in conductive contact, and not very many 
degrees above the absolute zero they are, on the average, so far apart 
that conductive contact between them is exceptional. 

In this state of things an electron will not in fact pass from one metal 
particle to another, even when they are in the closest contact of a col- 
lision, unless one of these particles is an atom and the other an ion. 
Figures 1 and 2 illustrate the fundamental difference, from the point 
of view of conduction, between an atom-atom collision and an atom-ion 
collision. In figure 1 the electric force tending to carry the extra elec- 
tron of the left-hand particle back to the positively charged right-hand 
particle, just before the particles separate, must be enormously larger! 
than the greatest conteracting force we can apply from without. But 
in figure 2 the extra electron may belong as much to one particle as to 
the other, when once the particles meet, and a comparatively small 
general gradient of potential in the metal, due to an electromotive force 
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applied from without, may well determine what course the electron in 
question will take. 

The experiments and arguments of Professor Bridgman now make it 
seem probable that I have greatly underestimated the range, of tem- 
perature through which the normal atoms may, in spite of the heat 
vibrations, be regarded as remaining in conductive contact with each 
other, and that, accordingly, the important function which my theory 
has given to the ions may not belong to them, except perhaps at rela- 
tively high temperatures or in the liquid state of the metals. 

Nevertheless, the potentiality of the ions for conduction is so great, 
under certain conditions which do not appear impossible, that it seems 
worth while to make some exposition of it. 
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Three questions will be considered: 

1. How numerous must the ions be in order to maintain currents of 
great density? 

2. Would the conductive action of the ions conform to Ohm’s law? 

3. What should be the temperature relations of conductivity, if it is 
due to ions? 

1. Requisite Number of Ions per Unit Volume.—The number of ions 
required for maintenance of electric currents, even currents of great 
intensity, may be small compared with the number of atoms—that is, 
the degree of ionization may be low. To show this let us consider, for 
example, copper at 300°C. absolute. 

German investigators have shown that the specific heats of metals 
at low temperatures can be satisfactorily accounted for on the hypoth- 
esis that the frequency of to and fro vibration of the atoms is nearly 
independent of the temperature. Griineisen takes from Nernst and 
Lindemann 320 as the value of By for copper, where » is the frequency 
in question and 6 = 4.8 X 10-4. Accordingly we have 


y = $20 +'4.8'X 10" =6.7 XK 10”: 


PHYSIGS: E. H. HALL 165 


The distance from center to center of copper atoms at 0° absolute 
and zero external pressure must be about 2 x 10~* cm., and we may 

take this as the normal value of the atomic diameter. At ordinary 
room temperatures the distance from center to center is probably only 
about 0.5 of 1% greater. 

Let us now, taking for simplicity conditions which must be modified 
later, imagine a row of atoms and ions arranged along a straight line in 
the direction of the potential gradient, maintained from without, in 
the metal, the mean distance from center to center being 2 x 107° 
cm., and let us suppose each particle to vibrate in its heat motion exactly 
in the straight line of the row in question, from collision at the left to 
collision at the right and back again, 6.7 X 10” times per second. Let 
us suppose every ion in the row to capture an electron at every leit- 
hand collision, thus transferring the ion condition to its left-hand 
neighbor. 

All these assumptions lead to the conclusion that from every ion in 
the row the ion condition would travel along the row at the rate of 2 x 
10-8 x 13.4 x 10”, or 268,000, cm. per second. This is equivalent to 
one electron traveling with the same velocity. Acting thus one ion 
per linear centimeter would enable a conductor to maintain a current 
of 268,000 x 15 x 10-1, about 4 X 10-, electromagnetic units; and 
10% such ions per linear centimeter would carry a current of 40 
amperes. 

In a copper rod of unit cross-section there are about 88 X 107! atoms 
per linear centimeter—that is, 3.5 X 10° times the number of ions re- 
quired to carry a current of 1000 amperes, if these ions were all as 
effective as they are in this preliminary calculation supposed to be. 

We must now let fall some of the favoring assumptions of this calcu- 
lation, in order to approach more nearly to actual or possible conditions. 
Instead of assuming every vibration to be in the line of the potential 
gradient, we must imagine the progress of the ion condition to follow a 
zig-zag course, the mean distance of travel in the direction of the poten- 
tial gradient being not 2 x 10-§cm., but,let ussay,10-§cm. The great 
departure, however, from numerical truth was made in assuming that 
every ion gains an electron at its left-hand collision—that is, at the 
negative-potential end of its heat path. This is equivalent to assuming 
that all the existing ions are moving in one direction, from + toward —, 
through the metal. In fact, the gradient of potential, even if very 
steep, would probably determine or inhibit the passage of an electron 
in only a very small proportion of all the collisions between atoms and 
ions. Let us suppose that a gradient of potential sufficient to main- 
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tain a current of 1000 amperes per square centimeter through copper 
will decide for or against the transition of an electron in one out of every 
10,000 atom-ion collisions. 

With this revision of our conditions we find that the number of ions 
required to maintain a current of 1000 amperes per square centimeter 
is about 1 for every 170 atoms. This degree of ionization, at medium 
temperatures, does not seem improbable. At least, it cannot be ob- 
jected to on the ground that it would make the specific heat of the metal 
too large. 

2. Ohm’s Law.—The mere fact that so small a portion of all the atom- 
ion collisions need be decisively affected by the potential gradient in 
order to maintain large currents raises a very strong presumption in 
favor of the proposition that the number of cases so affected will be pro- 
portional to the steepness of this potential gradient. Wherever we find 
an effect which begins with the beginning of a certain kind of stress 
and is tested through only a small part of its possible range, the mag- 
nitude of the effect in question is found to be proportional to the mag- 
nitude of the producing stress. 

3. The Temperature Relation.—The theory of conduction which we 
are considering does not, at present, seem capable of giving a satisfac- 
tory account of the relation between conductivity and temperature. 
It would make the conductivity increase, remain constant, or decrease, 
according to circumstances, with rise of temperature. But, even so, 
it is worth examining somewhat further; for in some fashion it may at 
least supplement whatever main theory of conduction shall be found 
to hold. 

In the following discussion certain assumptions are introduced which 
might require modification upon further study: 

A free electron striking an atom is supposed to rebound or to enter 
the atom driving out another electron. 

A free electron striking an ion is supposed always to unite with it 
to make an atom. 

A, the total increase of distance from centre to centre of neighboring 
atoms during the rise of temperature from absolute zero to 7, is sup- 
posed to be proportional to 7. 

L, the mean free path of a free electron between collisions, is sup- 
posed to be proportional? to A and so to T. 

If c is the mean velocity of the free electrons, the mean time between 
collisions of an electron is proportional to T + c. 

Let ~ = the number of free electrons, or the number of ions, per unit 
volume of the metal. 
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7, the mean life of an electron in the free state, being terminated only 
by collision with an ion, is proportional to (T + c) + n; that is, 


7=ql+ne, (1) 


where g is a constant. , 
Let P = the number of free electrons produced per unit volume per 
second. They are supposed to be produced by collisions,—usually 
by collisions of atoms with atoms, though sometimes by collisions of 
atoms with ions. | 
A little consideration shows that 


Pr=n,orP=n+7r=nve+ qT. te) 


Let B = the total number of zon heat-paths begun per unit volume 
per second. 

Let # = the total number of ion heat-paths finished, to collision with 
atom or ion, per unit volume per second. 

F < B, because of collisions like the one here indicated (fig. 3), in 
which the ion captures a free electron and ceases to be an ion before it 
reaches the atom it is approaching. 


OD 


FIG. 3 


_Let 6 = the mean duration of one heat-path of an atom or an ion. 
It is inversely proportional to the ‘proper frequency’ of atomic vibra- 
tion and may therefore be taken as independent of the temperature. 

If an ion could cease to be such only by collision with a free electron, 
the mean length of life of the ions would be the same as 7, the mean 
length of life of the free electrons. But an ion may cease to be such by 
collision with an atom, and the time required for its approach to such a 
collision is @. Hence the probability? that an ion will survive as such 
’ till it has collision with an atom is « ””. Accordingly we have 


F=Be" } (3) 


We have now to consider various types of collisions, between atoms, 
between atoms and ions, or between ions. Some of these may yield 
free electrons. 


Since all the types of collision in which ions figure are here shown, we 
have 


B=P+F (4) 
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From equations (1), (2), (3) and (4) we get 


2 
VUE CIENTLY (5) 
gT 


As F is the number of ion heat-paths completed per unit volume per 
second, we assume that the conductivity is, other things being equal, 
proportional to F. Accordingly our question as to the dependence of 
conductivity on temperature becomes a question as to the dependence 
of F on T. This in turn, since 1, c and T are the only variables in the 
value of F, evidently involves the question of the dependence of ¢ and 
n upon T. 


Types of collisions Contribution to 
Before After Bi; SP ae 
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FIG. 4 


It is by no means certain that the mean kinetic energy of the free 
electrons is equal to that of gas molecules at the same temperature. 
Thus Jeans‘ says, ‘‘In this case owing to the small mass of the electron, 
the frequencies of the vibrations of the medium [‘quasi-gas’] consti- 
tuted by the electrons are very high, so that the old laws of partition of 
energy will not give anything even approaching a good approximation 
to the truth.” In a paper published in 1914 I reached the conclusion® 
that, in a metal represented by a straight line on the thermo-electric 
diagram, the mean velocity of the free electrons may be proportional 
not to J’, but to 7, at least approximately. 

We shall here use, in turn, the two assumptions: 


c=y7l? (6) and c= yf (6), y being 4 constant 
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From (5) and (6) we get F = an? + T? (con +7) — 1), (7) 


where a = (vy + q) and b = (y@ + q), both constant. 
We next assume that the relation of to T is of the form 


n=kT* (8), where & and 7 are constants. 
From (7) and (8) comes F = aT? °*) = (76-89 — 1) 


where 6 k T (i — 0.5), the exponent of ¢, is merely another expression 
for the original (6 + 7). 

The lowest temperature to be considered will be called To, and it will 
be defined as the temperatures at which F = $B, which means that 


only one-half of the ion heat-paths begun are completed by the ions as 


such.® | 
6 


This makes e7 = 2, and so F = ak? T”~°”. Higher temperatures 
will be expressed as multiples of 7». 

Giving to z the values 0, 0.125, 0.25, 0.50, 1.00 and 1.50, in turn, 
we get from (9) values of F which are indicated by the curves in figure 5. 

If, instead of assuming c X T?, as in (6) we take c « T, as in (6’), 
we get, by making z = 0, 0.125, 0.25, 0.50, and 1.00, in turn, values 
of # which are indicated by the curves, in figure 6. 

I have sought to account for the temperature relations of conductiv- 
ity by combining with the considerations just presented the hypothesis 
of an atomic vibration consisting of a simple harmonic motion prema- 
turely ended by collision of atom with atom or with an ion. This at- 
tempt, though not entirely successful, seemed not altogether hopeless 
until the experiments of Bridgman showed the atoms to be far less rigid 
than the kind of vibration in question required them to be. 


1It should be, according to Conlomb’s law, about 5 X 10~ dyne, corresponding to a 
potential gradient of about 3 X 10% volts per centimeter. 

2 This is a doubtful proposition, and possibly some ingenious variation of it would make 
the ion theory more successful in dealing with the temperature relation. 

3 The question here is analogous to the inquiry what is the probability that a gas mole- 
cule will go a distance « without collision, the mean free path being /; @ corresponds to 
x and 7 to l. 

4 Jeans, J. H., Dynamical Theory of Gases, 1916, §559. 

5 This does not imply a high degree of ionization. If we assume the electrons to have a 
mean kinetic energy equal to that of gas molecules at the same temperature, the mean 
velocity of the electrons will be about 350 times as great as that of the atoms. Hence, if 
the mean free path of an electron is equal to the mean heat path of an atom or ion, a single 
electron will have about 350 collisions during the time 9. If g be the degree of ionization,— 
that is, the ratio of m to the number of atoms per unit volume,—the total number of col- 
lisions per second of electrons with ions will be (350+ 6) m g. This is the number of ion 
heat-paths interrupted per second per unit volume by the free electrons. The total number 
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begun per second is, in the case supposed, B= P+ F=n+7+4B,andso} B=n 
+7. Hence (350 + 0) ng =n +7, or g = (6 + 3507). But when F = 3} B, (0 + 7) 
= loge 2, and so g = 0.00 2 nearly. 

6 Hall, E. H., Boston, Proc. Amer. Acad. Arts and Sci., 50, 1914, (67-103). 


THE GRAVIMETRIC SURVEY OF THE UNITED STATES 
By William Bowie 


DIVISION OF GEODESY, U. S. COAST AND GEODETIC SURVEY 
Communicated by W. M. Davis, January 12, 1917 


The gravimetric survey of the United States really began in 1890 
with the introduction of the Mendenhall one-half second invariable 
pendulum. Previous to that date, 13 stations had been established 
but in that older work pendulums were used which gave inaccurate 
results, as later work showed. We shall not, therefore, consider the 
gravity results obtained before the use of the Mendenhall pendulum. 

This pendulum consists of a bob and stem with a suitable head into 
which is set an agate plane which rests on a knife edge of the same 
material fastened to the pendulum case. ‘The various parts of the ap- 
paratus are illustrated and described in reports of the Coast and Geo- 
detic Survey. The Mendenhall pendulums are used to determine the 
difference in the intensity of gravity at two stations. 

The probable error of the value of gravity at Washington, deter- 
mined from Potsdam by the relative method, is +0.001 dyne. The 
probable error of a station in the United States, other than that at 
Washington, is about +0.002 dyne. This is about one part in one- 
half million. The error of the absolute value at Potsdam enters all 
other values of gravity based upon the Potsdam system. 

Between the years 1891 and 1907, 47 stations were established in the 
United States, while since January, 1909, 212 additional stations have 
been established, making 259 in all. The Coast and Goedetic Survey 
has planned to continue its gravimetric survey for an indefinite period, 
with a view to covering the large areas now lacking in stations, and also 
local areas where there are special problems to be investigated. 

There are two immediate purposes to be served in carrying on, this 
work. First, to collect data from which more accurate values may be 
obtained for the flattening of the earth and for the terms in the gravity 
formula. Second, to obtain values of the intensity of gravity at labora- 
tories as these values are needed in certain physical and chemical work. 

Another important use to which the gravimetric survey may be put 
is in researches into the subject of isostasy. While an old subject? 
isostasy has only recently become a vital matter to be considered in 
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most geophysical problems. The work done in the Survey?:4:> shows 
that, at some depth below sea level (of the order of 100 kilometers) the 
pressure of any unit column is very nearly equal to that of any other 
unit column. For instance, the pressure exerted on a square mile of 
the imaginary surface at a depth of say 96 kilometers® below sea level 
at the sea coast or under the plains is about the same as the pressure on 
an equal area at the same depth below sea level under the Rocky Moun- 
tains or under any other mountain masses. 

If we assume that the equalization of pressures at the supposed 
depth, called the depth of compensation, is perfect, then we must con- 
clude that the land masses are counterbalanced by deficiencies in den- 
sity of the materials below sea level, under the topographic features. 
It is not probable that the pressures are exactly equal for small areas of 
the surface at the depth of compensation. It is very probable that 
they are practically equal for areas of the order of ten thousand square 
miles. It is one of the important problems of the geodesist to collect 
sufficient data to show the minimum area which may be in a high state 
of isostasy. Another problem for him to investigate is the distribution 
horizontally and vertically of the deficiencies in mass, which balance 
the material which is above sea level. 

For the purposes of making the computations, the compensating 
deficiencies of density or mass are supposed to be uniformly distributed 
directly under the topographic feature from the earth’s surface to the 
depth of compensation. And it is also assumed that the negative masses 
exactly equal the positive masses which are above sea level. 

We cannot tell from the data now at hand just how near the truth 
are these assumed conditions. But we do know that they are very 
much nearer the truth than those conditions based upon a rigid earth, 
with the topographic features held up by the strength of the earth’s 
outer material. The assumed isostatic conditions are also shown to 
be much nearer the truth than those based upon the theory that the topo- 
graphic features should be ignored. 

It will be interesting to consider briefly the results of the latest inves- 
tigations by the Coast and Geodetic Survey upon the subject of gravity 
and isostasy.® 

We may assume that the method of reduction which shows the small- 
est effect of systematic or constant errors is the nearest the truth. For 
instance, there may be used in the tests five classes of topography (the 
sea being ignored, as we have no very accurate gravity observations 
at sea). They are indicated in the tables below. The isostatic or 
Hayford method of reduction was used with two depths of compensa- 
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tion and with two different gravity formulas; otherwise they are iden- 
tical. The Bouguer reduction postulates a highly rigid earth and the 
free air reduction an earth with no rigidity. 


RELATION BETWEEN THE GRAVITY ANOMALIES AND THE TOPOGRAPHY 
Mean anomalies 


With regard to sign 


MEAN ANOMALY 


NUMBER 
Sen Hayford, Hayford, 
TIONS ee Bi are Bouguer In tree air 
113.7 km. km. 
Moreterations 2 fel... eek Zi —0.009 |} —0.003 | +0.017 | +0-017 
SeMONS NEAT COAST. <6). o/s eave bod ole oes 46 —0.001 | +0.002 | +0.004 | +0.017 
Stations in interior, not in mountainous 
GLE CLE AL RM IR AIAN IG EP ate ne a 88 —0.001 | —0.001 | —0.028 | +0.009 
Stations in mountainous regions 
Below the general level............... 36 | —0.003 0.000 | —0.107 | —0.008 
Above the general level.............. 20 | +0.001 | +0.016 | —0.110 | +0.058 
All stations (except the two Seattle sta- 
HEOTIS) Me GAYS Te cee se leis eig lela 9, (6 217 —0.002 | +0.001 | —0.036 | +0.013 


Without regard to sign 


CWOASE STATIONS. ooo. ee cee eas Zi 0.018 0.012 0.021 0.022 


Stations MCAT COASt..... «tee ces ee eee 46 0.021 0.020 0.025 0.023 
Stations in interior, not in mountainous 

iGEY TESS RAGS ee i 88 0.019 0.019 0.033 0.020 
Stations in mountainous regions 

Below the general level...............| 36 0.020 0.018 0.108 0.024 

Above the general level.............. 20 0.017 0.022 0.111 0.059 
All stations (except the two Seattle sta- 


‘SLOTS enn. GWA eee Rte A Ara ORMING ME REN ete 217 0.019 0.019 0.049 0.025 


The table above shows that when the reductions are made by either 
of the Hayford methods the range of the mean anomalies with regard 
to sign is very nearly zero in most cases. The Bouguer and free air 
anomalies are much larger than the isostatic anomalies. By anomaly 
is meant the difference between the observed and the computed values 
of gravity at a station. 

The table indicates strongly that the conditions under which the 
isostatic or Hayford reductions were made are very close to the truth. 
The evidence is that the depth 113.7 kilometers is closer to the truth 
than 60 kilometers, for in the former case the mean anomaly for the 
classes of topography indicated above varies from +0.001 to —0.009 
dyne, while with the latter the range is from +0.016 to —0.003. The 
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Bouguer range is from +0.017 to —0.110 dyne. The free air means 
vary from +0.058 to —0.008. 

It is important to consider whether the compensation occurs directly 
under a topographic feature, a mountain mass for instance, or is dis- 
tributed through a column having a cross section somewhat greater in 
area than the base of the feature. 

The compensation was distributed in horizontal extent to distances 
of 19, 59 and 167 kilometers in all directions from the stations. These 
distances correspond to the outer limits of zones K, M and O, which 
were used in computing the topographic and compensation corrections. 
It was found that the mean anomaly with and without regard to sign. 
was approximately the same for each method of distribution horizon- 
tally and for local distribution, if all stations were treated as a single 
group. Consequently, no one method seemed to be more probable 
than any other. The stations were next considered in five groups, 
according to the topography, with the results shown in the following 
table. 


RELATION OF LOCAL-COMPENSATION ANOMALIES AND REGIONAL-COMPENSATION 
ANOMALIES TO TOPOGRAPHY 


ANOMALY. REGIONAL-COMPENSATION 


ANOMALY WITAIN OUTER LIMIT OF 
compensa- | -————_____—_— 
TION Zone K Zone M Zone O 
19 km. 59 km. 167 km. 
At 18 Coast Stations 
Mean, with regard ‘torsigm.2 2S sates «os eee —0.004 | —0.004 | —0.004 | —0.006 
Mean without regard to sign................ 0.018 0.018 0.018 0.020 
At 25 stations near coast 
Mean with regard to sign....... ae esis ee —0.002 | —0.001 | —0.001 | —0.001 
Mean without regard to sign................ 0.022 0.021 0.021 0.022 
At 39 interior stations, not in mountains 
Mean with regard tojsign: a: 83th ao. . see +0.001 | +0.002 | +0.002 | +0.003 
Mean without regard to Sign..............:. 0.017 0.018 0.018 0.017 
At 22 mountain stations below general level 
Mean with! regard) to, sigma yr ee eee oe 0.000 | +0.001 | +0.003 | +0.006 
Mean without regard fo’signi: 32.0... 42 0.017 0.017 0.018 0.019 
At 18 mountain stations above general level 
Mean with regard’ to/sigeniics ae ee +0.003 | +0.003 0.000 | —0.010 
Mean without/regard to sign. ).24...0. 3: Je. 0.018 0.018 0.017 0.020 


The mean anomaly without regard to sign is not decidedly in favor 
of either method. But the means with regard to sign seem to point 
strongly against the distribution of the compensation out to a distance 
of 167 kilometers from the stations, for there we have a range in the 
mean anomalies of 0.016 dyne between the 22 stations in mountainous 
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regions below the general level and the 18 mountain stations above the 
general level. The range for local and the other two methods is, in 
_ each case, only 0.007 dyne. 

We must conclude that the regional distribution out to 59 kilometers 
is as likely to be true as the local distribution of the compensation. 
There may be some distance beyond 59 kilometers and less than 167 
kilometers which would show a smaller range in the mean anomalies 
than any of the distributions considered above. It seems to be reason- 
able to expect that the distance in question is nearer 59 than 167 
kilometers. 

Tests made to show which is the most probable depth of compen- 
sation indicated that when the stations were taken as a single group 
the value is about 60 kilometers. But when the stations were arranged 
according to the topography the depth of 95 kilometers is the most 
probable depth. The depths of compensation, determined from de- 
flections of the vertical,’ are from the first investigation 113.7 kilo- 
meters and from the later one, 122 kilometers. When the deflection 
stations in mountain regions only were considered the depth is 97 kilo- 
meters. The mean of this and the depth from gravity stations is 96 
kilometers. It is believed this is the best value from all geodetic data. 

It is improbable that the compensation is distributed uniformly 
from sea level to the depth of compensation. It is not probable that 
what may be considered the normal distribution of densities of the 
material in the outer portions of the earth obtains under all places on 
the earth’s surface. 

The present data are not sufficient to enable one to compute the 
actual distribution of densities under any given area, but there are rea- 
sons to believe that approximations to the actual distribution may 
be made. 

In a study of the relation between the gravity anomalies and the 
geological formations, as indicated by surface material, it developed 
that at stations on the pre-Cambrian areas gravity is nearly always in 
excess. It is known that the older rocks have greater densities than 
normal and as this material is close to the gravity stations there should 
result a greater intensity of gravity. The excess of gravity at a station 
may give some idea of the depth of this older rock. 

The stations on the Cenozoic formations have a tendency to a defi- 
ciency in gravity. This seems to be logical as the rocks in this forma- 
tion have densities less than normal.. Here again the size of the defi- 
ciency may indicate the approximate depth of the Cenozoic formation. 
The Paleozoic stations tend to be negative and the Mesozoic stations 
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positive, but there is no such evident relation between the densities 
and the gravity as with the two other formations. The average densi- 
ties of the Paleozoic and Mesozoic rocks are about equal.’ 

There is given below a table which shows that relations exist between 
the gravity anomalies and the geological formations in the United 
States. A positive anomaly indicates an excess in gravity and a nega- 
tive anomaly a deficiency. 


RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION 


NUMBER OF STATIONS MEAN ANOMALY 


GEOLOGIC FORMATION ; 
With plus | With minus 


{ I Al) |With regard) Without re- 
anomalies | anomalies 


to sign | gard tosign 


ee ey ee 


Pre-Cambriany i). 1c ee ee ee ee 12 2 14 | +0.019 | 0.023 
Paleozoic. oho. cH eh ee ee Oe 23 49 72 —0.011 | 0.021 
INEESOZOIC! a. 66 ca ah eRe ie ela aa eae 25 at 36 | +0.009 | 0.017 


CONOZOIC Ns wags ert eis core pea een ates 22 32 55 | —0.007 | 0.019 


A study was made of the stations in India, 73 in all, and these showed 
that gravity at Cenozoic stations is, in general, too small. There were 
very few stations in the other formations which made it impossible to 
draw any definite conclusions from them. 


RELATION BETWEEN THE GRAVITY ANOMALIES AND THE GEOLOGIC FORMATION FOR 
STATIONS IN INDIA 


NUMBER OF STATIONS MEAN ANOMALY 


GEOLOGIC FORMATION 


With plus | With minus All With regard| Without re- 
anomalies | anomalies tosign | gard tosign 


Pre-Camibrian: (0.0. fs dak is eens ee 6 2 8 +0.002 0.025 


Paleozoic, iia ay ae ee eee 2 3 6* 0.000 0.009 
Wi eSoZOicele sce iieetroc ee noe eo ah ect eens 1 0 1 +0.022 0.022 


Cenozoic: nr cee, ee 11 20 31 —0.017 0.028 


* One anomaly is zero. 


The larger part of most of the larger anomalies may de due to defi- 
ciencies or excesses in the densities of the materials below sea level near 
the stations, and these deviations from normal may be compensated 
in the lower strata. If this is true, isostasy is more nearly perfect than 
has generally been supposed. . 

There are 42 stations in Canada which were studied but their gravity 
values showed no such relations to the geological formations’as were 
found in the United States and in India. 

From the values of gravity at 358 stations in the United States, Can- 
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ada, India and in Europe, which had been reduced by the isostatic or 
Hayford method, the best gravity formula deduced is 


vo = 978.039 (1 + 0.005294 sin? ¢ — 0.000007 sin? 2 ¢) 


in which yo is the value of gravity in dynes at sea level, at the latitude, 
¢, and the first term, 978.039, is the value of gravity at the equator. 
From the constant 0.005294 a reciprocal of the flattening of the earth 
of 297.4 was derived. 
The well known formula 


Cr = —0.0003086 H 


was used to correct the value of gravity for the distance above sea level. 
H is the elevation of the station in meters. | 

If we assume that the best known value of the equatorial radius of 
the earth is 6,378,388 meters,® then the polar semi-diameter is 6,356,941 
meters. ‘The difference is 21,447 meters or 13.3 miles. 

The results of the investigations of the Coast and Geodetic Survey 
make it possible to compute the value of gravity for stations in the 
United States, and possibly also in any other country, with an average 
uncertainty in the result of about 0.020 dyne or one part in 50,000. 

Further work on the gravimetric survey of the United States will 
enable us to obtain better values of the shape of the earth, and for the 
constants of the gravity formula, and will no doubt lead to important 
discoveries regarding the distributions of densities in the outer por- 
tions of the earth and especially within the outer ten miles. 


1 Washington, D. C., U. S. Commerce Dept. Coast & Geod. Surv., Rep., 1891, Appendix 
No. 15; Ibid., 1893, Appendix No. 12; Jbid., 1910, Appendix No. 6. 

2 London, Phil. Trans. R. Soc., 149, 1859, (745); Dutton, C. E., Washington, D. C., Bull. 
Wash. Phil. Soc., 11, 1889, (51-64). 

3 Hayford, J. F., U. S. Commerce Dept. Coast & Geod. Surv., The figure of the earth and 
isostasy from measurements in the United States, 1909; Supplementary investigation in 
1909 of the figure of the earth and isostasy, 1909. 

4 Hayford, J. F., and Bowie, W., U. S. Commerce Dept. Coast & Geod. Surv., Sp. Pub., 
No. 10, 1912; Bowie, W., Ibid., No. 12, 1912. 

5 Bowie, W., Ibid., No. 40, 1916. 

6 This, according to the latest investigation, is the most probable depth (see 5). 

7 Barrell, J., Chicago, Ill., J. Geol. Univ. Chic., 22, 1914, (215). 

8 See Hayford, loc. cit., Note 3, 1909, (54). 
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THE MAGNETIZATION OF IRON, NICKEL, AND COBALT BY ROTA- 
TION AND THE NATURE OF THE MAGNETIC MOLECULE 


By S. J. Barnett 


DEPARTMENT OF PHYSICS, OHIO STATE UNIVERSITY 
Communicated by R. A. Millikan, January 15, 1917 


In December, 1914, I described to the American Physical Society 
an extended series of experiments made in that year on the magneti- 
zation of large steel rods by mere rotation.! 

Before these experiments were made only one method of magnetizing 
a body was known, viz., placing it in a magnetic field. ‘These experi- 
ments not only revealed another and entirely new method, but they 
also confirmed completely the fundamental assumptions on which the 
results had been predicted: They proved, in a direct and conclusive 
way, on the basis of classical dynamics alone, without dependence upon 
the theory of radiation, (1) that Ampéreian currents, or molecular cur- 
rents of electricity in orbital revolution, exist in iron; (2) that all or 
most of the electricity in orbital revolution is negative; and (3) that it 
has mass or inertia, so that each orbit behaves like a minute gyrostat 
and tends to set itself with the direction of revolution coincident with 
the direction of rotation of the body. It is in this way that magnetiza- 
tion of the body results. Furthermore, if we admit the classical theory 
of radiation, these experiments, together with the existence of residual 
Or permanent magnetization, prove (4) that the arrangement of the 
electricity in the Ampéreian orbits is Saturnian rather than planetary. 

If it is assumed that only one kind of electricity is in orbital revolu- 
tion, and if the mass of a particle is denoted by m and its charge by e, 
theory shows that the rotation of a body with angular velocity ” revo- 
lutions per second is equivalent to putting it in a magnetic field of in- 
tensity H, such that 


H/n = 4rm/e. (1) 


If we assume that electrons alone are in orbital revolution, the value 
of the second member of this equation is —7.1 X 10~7e. m. u. accord- 
ing to well known experiments on electrons in slow motion, and H/n 
should be equal to this quantity and identical for all substances. If 
positive electricity also participates, the magnitude of H/n should be 
smaller. The value of H/n in my 1914 experiments was —3.6 X 1077 
e.m.u. 

A little later, in February and April, 1915, Einstein and de Haas’ 
described to the German Physical Society successful experiments on 
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the effect converse to mine, viz., rotation by magnetization, which had 
been predicted and looked for by O. W. Richardson in 1907; and de 
- Haas? has recently continued this work in a somewhat different manner. 
Both investigations are indirect but excellent confirmations of my own 
earlier work. This work has also been confirmed by further experi- 
ments of my own of somewhat increased precision described before the 
American Physical Society in April, 1915.1 

In the last year, with financial aid received from the University 
through the interest of the dean of the graduate school, Prof. W. Mc- 
Pherson, and with the help of Mrs. Barnett, I have extended the in- 
vestigation to other specimens of iron and to cobalt and nickel. In 
all the earlier work the method of electromagnetic induction was used; 
this later work has been done by an entirely different method, viz., 
that of the magnetometer. 

The magnetometer was an astatic instrument, and each rod under 
experiment, or rotor, about 30.5 cm. in length and from 2.3 cm. to 3.2 
cm. in diameter, was mounted with its axis horizontal and normal to 
the magnetic meridian in the equatorial position of Gauss, which of- 
fered important advantages for this work. Calibrations were made 
by means of solenoids wound permanently on the rotors, and sub- 
sidiary solenoids wound on wooden cores. 

To avoid magnetic and mechanical disturbances as much as possible, 
nearly all of the observations were made after one o’clock at night. 
This precaution, together with the use of true, carefully adjusted, and 
frequently oiled bearings, heavy mountings of bronze and concrete, and 
a special method of driving, eliminated mechanical disturbances very 
largely. 

Disturbances due to variations of the earth’s intensity were greatly 
reduced by mounting a compensating rod of the same substance and 
nearly the same size as the rotor in approximately the same position 
with respect to the upper magnetometer magnet as that occupied by 
the rotor with respect to the lower magnet. 

Possible.errors due to eddy currents in the rotor and to minute shifts 
of the rotor’s axis in altitude or azimuth were avoided by compensating 
accurately the earth’s intensity in the region occupied by the rotor by 
means of a very large coil traversed by a steady electric current. Much 
greater variations of the compensating current on both sides of the correct 
value than the maximum allowed in the rotation experiments produced no 
appreciable effect on the results obtained with some of the rotors and not. 
more than small effects with the others. The magnetometer magnets, 
control magnet, compensating rod, and a small electric coil in series with. 
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the large coil and mounted near the upper magnetometer magnet to 
make the sensibility. approximately independent of the compensating 
current, produced in the region occupied by the rotor intensities so 
small that their effect was negligible. 

Rotation observations were made at equal intervals in sets of four as 
follows: The rotor was first driven (by means of an alternating current 
motor) at given speed in one direction and the magnetometer scale read; 
then the motor was reversed and the scale again read; then the readings 
were repeated in inverse order, all for the same speed. The double 
deflection obtained by subtracting the mean of the second and third 
readings from the mean of the first and fourth was the quantity sought. 
This process eliminated the difficulties due to the presence of residual 
magnetization of the rotor, the error due to magnetometer drift, and 
other possible errors. Error due to torsion of the rotor was found to 
be negligible by reversing some of the rotors in their bearings. 

With nickel and cobalt observations were made at three speeds, and 
H /n was found to be independent of the speed within the limits of the 
experimental error, as had been found in the earlier experiments with — 
iron. 

Since mechanical disturbances were almost wholly absent and the 
magnetic disturbances became relatively less important with increased 
speed, the observations at the highest of the three speeds were more 
precise than the others. Table 1 contains the approximate results of 
the observations on four rods at the highest speeds. A few observa- 
tions, consistent with the others, on a fifth rod, of soft iron, in poor 
condition are not included in the table. 


TABLE 1. 
H AVERAGE 

ROTOR MEAN SPEED NO. OF SETS 10’ X-- DEPARTURE 

n FROM MEAN 
Steel (lareer)\:vinee aero wne eee 47 r.p. 5s. aA 5.2.6, 1. U1, 42 
Steel (Smaller). cca 4 cate g Maa eon 44 21 S'Z 0.5 
Cobalt nee hi We ae eae 45 79 6.1 0.8 
Nine hee bela hs Byahe edks e e g Say Be 45 Si 6.1 0.9 


The mean value of H/n is in all cases less in magnitude than the 
standard value of 447m/e = —7.1 X 10-’7e.m.u. for electrons in slow 
motion, as was the case in the earlier experiments; but the experimental 
errors, on account of the great difficulties involved, are such that im- 
portance cannot in my opinion be attached to the discrepancy. The 
investigation must rather be taken as confirming equation (1) and the 
assumption that only electrons are in orbital revolution in all the sub- 
stances investigated. 
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A more extended account of the investigation will be published in 
the near future. 


1 Barnett, S. J., Physic. Rev., Ithaca, N. Y., (Ser. 2), 6, 1915, (239-270). 

2 Finstein, A., and de Haas, W. J., Berlin, Verh. D. Physik. Ges., 17, 1915, (152-170, 
203, 420). 

3 de Haas, W. J., Amsterdam, Proc. Sci. K. Akad. Wet., 18, 1916, (1281-1299); Scz. 
Abs., London, A., 17, 1916, (351). 


THE INTENSITIES OF X-RAYS OF THE L SERIES 
By David L. Webster and Harry Clark 


JEFFERSON PHYSICAL LABORATORY, HARVARD UNIVERSITY 
Communicated by E. H. Hall, January 17, 1917 


The purpose of this paper is to report briefly some preliminary re- 
sults of a study of the intensities of X-rays belonging to the L series of 
platinum considered as functions of the potential producing them and 
in their relations to each other and to the general radiation. 

Review of Previous Work.—Many of the phenomena observed here 
can be predicted, though with no certainty, by analogy with corre- 
sponding phenomena of the K series. The similarity of the two series 
appears in Moseley’s laws! of frequency as a function of atomic number, 
and especially in the fact that each series is produced as fluorescence by 
a substance absorbing rays of a higher frequency. It has been found 
by one of us? that the K series rays, of rhodium at least, appear only at 
a potential high enough to produce general radiation of a frequency as 
great as that of the shortest line of the series. This may be called the 
critical potential. Since this result is obviously connected with the 
law that absorbed rays will produce the K fluorescence only if their 
frequency is above that of this line, it is reasonable to expect a similar 
law for the L series. 

It must be remembered, however, that the L series is more complex 
. than the K, both in the number of lines and in their gradual shifting 
relative to each other from element to element, shown in Moseley’s 
graphs! of square root of frequency against atomic number of the emit- 
ting element. Moreover Kossel? has found reason to believe that 
platinum and gold each show two discontinuities of absorptive power 
as a function of frequency near the L series, one in the middle of the 
series and the other near the high frequency end. An explanation of 
_ this appears in a most exhaustive study of the positions of the L series 
lines of the heavy elements by Siegbahn and Friman‘ who have plotted 
Vv against N for twelve lines. Four of these graphs are linear and 
nearly parallel, while the eight others are not linear but are nearly 
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parallel with a greater slope than the four. This suggests that the four, 
Qe, a1, Bo, and Bs, (see fig. 1) form one series, which we shall call Ly, 

while the others, 7, 81, 81, 8s, ¥1, Y2, Y3, and 4, form another series, Le. 
The L, series is remarkably similar in appearance to the K series, un- 
less we include in it the line /, reported by Siegbahn in a paper which 
is not yet accessible, but which is quoted by Friman.> From this sim- 
ilarity one would expect the L; series to have a critical potential equal 
to the quantum potential of its highest frequency member, @;. The L, 
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series, on the other hand, is totally different in appearance so that sim- 
ilar predictions can scarcely be made. The existence of two series 
accounts readily for that of two discontinuities of absorption. 

Following farther the analogy with the K series, one might expect 
all lines of each of the L; and Ly series to increase in intensity by the 
same ratio with any given increase of potential,® and we may expect 
their intensity-potential graphs to be concave upward, while that of 
general radiation of any one frequency starts concave downward and 
soon becomes linear.’ 
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Results of Our Experiments—We have partially tested these predic- 
tions for a platinum target in a Coolidge tube furnished through the 
kindness of Dr. Coolidge. The potential was obtained from Professor 
Trowbridge’s 40 kv storage battery, and measured by a Chaffee elec- 
trostatic voltmeter calibrated by a manganin resistance of 0.8940 
megohms. ‘The spectrometer was similar in general plan to that used 
in the previous work on rhodium, but with many improvements in 
construction and accuracy. | 

The principal results of the work to date are shown in figure 1, which 
contains graphs of intensity as a function of potential for two lines, 
a, and B2, of the L; series and three lines, @., 61, and yi, of the Ls series. 
In each case the graph leaves the axis at the potential required to give 
an electron an energy quantum of the proper frequency, and each graph 
is of the form of one for general radiation only, from the start to a 
definite potential at which its curvature suddenly changes. This 
change denotes the first appearance of the spectrum line. For both 
the L; lines, this change occurs at 11.45 kv., or the quantum potential 
of the @; line, as predicted, within the limits of error caused by the un- 
certainty inh. For §, and #; also the critical points are identical, but 
quite different from that of the Li lines. In none of these four cases can 
there be any doubt as to the existence of critical points, although the 
intensities are somewhat inaccurate, since even 6; is so weak there 
that a fall of the electroscope over the shortest scale division requires 
about half a minute. 

In the interpretation of the yi curve, difficulty arises from the fact 
that the critical point is so close to the quantum potential that the 
general radiation itself has not acquired a uniform rate of increase. 
This curve has therefore been repeated in figure 2, with curves for gen- 
eral radiation of wave lengths just above and below y;. From these 
the general radiation with yi, itself may be estimated. It is repre- 
sented by the dotted line, which crosses each of the other curves at 
about the proper distances and would lie midway between them at very 
high potentials. From these graphs it appears that 7: also has a crit- 
ical potential, identical with that of 6, and @., which appears to be 
13.20+ 0.05 kv. The wave length corresponding to this potential 
is 0.937A, not that of ys, the predicted head of the series, but even 
longer than y2. This result, which was quite unexpected, raises a ques- 
tion as to the nature and behavior of the three very faint lines yo, ys, 
and ys, on which we hope to obtain more evidence in the course of this 
work. 

The calculations of the critical wave lengths of the series is dependent 
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on the value assumed for Planck’s h. Millikan’s experiments on photo- 
electrons give 6.57 X 10-*” erg sec., while the value obtained in the 
work on rhodium was 6.53. The latter value was obtained from the 
potential at the middle of the sharp upward curvature at the foot of 
each graph and is subject to any errors that may occur in determining 
this potential. This is made uncertain by the width of the slit and 
consequent lack of homogeneity of the rays. If, for example, the 
graph for really homogeneous rays turns down very sharply to the axis, 
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and the boundaries of the rays used are made indefinite by the size of 
the source, the potential to be used should be that of the steepest part 
of this curve. This hypothesis seems highly improbable since the 
maximum angle between any two rays coming through the slit is under 
0.10 in this case, giving less than 4% deviation of any reflected wave © 
length from the mean, and the steepest part of the curve occurs about 
1% from the lowest potential at which any rays can be detected. Con- 
sequently we shall follow the method of calculation previously used. 
The values of # obtained are given in table I. Siegbahn and Friman’s 
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wave lengths are used as standards. Whatever constant errors there 
may be in this determination of h will cancel out in the calculation of 
the critical wave lengths. 


TABLE I 

Line x h (erg sec) 
Fines Os ORE a AE Se OE Se re 1.313A 6.59 X 10-27 
te bin dh BURA nes IO Ee te ee ane SR 1.142 6.53 
Ea ee at eee cle sieves 1a ck Whale eich i 68 hel ailals 1.120 6.54 
re ea es ie uals aoe sc wk Sra 1.101 6.53 
hy i RR ie Gs e aa  e r 0.958 6.48 

eee TIMMY ye We re in Ue Oe ok bo ae hore eba eile ter Sige theats 6.53 


The intensities of the lines alone may be obtained by subtracting 
from the ordinates of their graphs the general radiation estimated as in 
figure 1. By this process it appears, as expected, that lines of the 
same series maintain the same ratio of intensities through any increase 
of potential up to 20 kv., the limit of our experiments to date. For 
potentials over 20% above the critical points, the mean deviation of 
these ratios from their average values is less than 3%. More accurate 
results should be obtained at higher potentials and with more exact 
determinations of the general radiation. The graphs both of lines and 
general radiation are also of the general forms predicted. Present 
results indicate that the rhodium K series and platinum Li and Ly, 
series all increase in intensity approximately in proportion to the three- 
halves power of the difference between the potential applied to the 
tube and the critical potential of the series. On all these points, how- 
ever, the present statements are only preliminary, and more accurate 
results should be obtained from further work now being done on plat- 
inum. Since the relation between the two series is different in different 
elements, we hope to test these phenomena in thorium also. 


1 Phil. Mag., London, (Ser. 6), 26, 1913, (1024-34); 27, 1914, (703-14). 

* These PROCEEDINGS, 2, 1916, (90-4); Physic. Rev., Ithaca, N. Y., (Ser. 2), 7, 1916, 
(599-613). | 

3 Berlin, Verh. D. Physik. Ges., 16, 1914, (898-909). 

4 Phil. Mag., London, (Ser. 6), 32, 1916, (39-50). 

5 Ibid., 32, 1916, (497-499). 

6 [bid., 26, 1913, (210-232), see especially p. 225. 

‘The instrument was made from our design by the Alvan Clark Corp., Cambridge, 
Mass. 
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THE USE OF VASECTOMIZED MALE MICE AS INDICATORS 
By C. C. Little 


HARVARD MEDICAL SCHOOL 
Communicated by R. Pearl, January 22, 1917 


In the course of certain experiments with mice it became necessary 
to have some way of determining the presence of the ovulation period 
in females which were still virgins. The small size of the external 
genetalia and the minuteness of the changes in them at periods of ovu- 
lation make methods of direct observation difficult if not impossible. 

It was found convenient therefore, to use vasectomized males to 
indicate the physiological condition of the females. For this purpose, 
males sexually mature or nearly so, were etherized and an incision about 6 
mm. long was made, a little to the right of the mid-ventral line in the 
right inguinal region, the hair having been previously clipped in that 
locality. Care was taken to avoid the larger blood vessels in the peri- 
toneum. ‘Through this opening it was possible with a pair of small 
serrated forceps, to lift out first the right and then the left testicle and 
their respective vasa defferentia. A piece of the vasa defferentia, about 
3 mm. in length, was tied off with fine black silk, and the section be- 
tween the ligatures removed. ‘The testicles and vasa defferentia were 
then replaced in the peritoneal cavity and the body wall and the outer 
skin sewed separately. Warm salt solution was used when necessary 
to keep the exposed organs moist. 

In a great majority of cases the operation was entirely successful 
and the mice recovered rapidly. In two weeks these mice were placed 
with females known to have had young between twenty-four and thirty- 
six hours previous. The vasectomized males behaved like normal 
males as regards their sexual instincts, and attempted successfully to 
copulate with the females. In so far as it was possible to observe, 
there was no difference in the process of mating between vasectomized 
and normal males. 

A breeding test on a larger scale was made to determine whether in 
a considerable period of time the vasectomized males would be able to 
fertilize an occasional female. For this purpose virgin females, just 
becoming sexually mature, were placed with vasectomized males and 
were controlled by an equal number of similar females placed with 
normal males. The first twenty males, both vasectomized and normal, 
were allowed to remain with females for only ten days. During this 
time in a total of 106 females, the pens containing vasectomized males 
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had a record of no observed pregnancies, while the controls showed 
seven pregnancies in a total of 98 females. The second series of results 
showed a more definite difference. In eleven pens in which vasecto- 
omized males were allowed to remain for from eighteen to twenty days, 
with a total of 60 females, there were no pregnancies; while control 
males remaining in pens containing 55 females for from eighteen to 
twenty days gave a total of nineteen pregnancies. The chief reason 
for lengthening the time during which the females and males were 
together was the appearance of a communication by Long concerning 
the period of ovulation in mice, which states that the average length 
of time between the first and second ovulations following parturition 
in mice is from seventeen to eighteen days. It became evident there- 
fore, that the first series of experiments in which female mice were 
allowed to remain with the males only ten days, would not be critical, 
in as much as the space between ovulation periods in virgin mice is 
undoubtedly approximately the same as the length of time between the 
first and second ovulations following parturition; and therefore proba- 
bly only about one-half of the females would pass through an ovulation 
period while with the males. The longer period gives a far better test 
as the results show. 

Before the experiments here recorded were made, a number of males 
were operated on and in each case a portion of the vasa defferentia 
3 mm. long was removed. The cut ends, however, were not ligatured. 
Thirty-nine of these males were chloroformed, slightly over two months 
after operation, and were examined to see whether any possible connec- 
tion between the severed vasa defferentia had been reestablished. In 
no case was there any sign of such a connection. In many cases there 
was obvious blockage and distention of the vasa defferentia, apparently 
by retention of substances which would have ordinarily passed through 
them. Certain signs of inflammation and reduction in the size of the 
testicles were also frequently observed. It would be interesting to see 
whether the sexual instincts of vasectomized males remained normal 
after the degenerative changes of the testes and vasa defferentia referred 
to had set in. 

By supplementing observations on the sexual instincts of these males 
with a careful histological examination of the testes it might be possible 
to obtain an additional line of evidence as to whether it was primarily 
the interstitial or the sperm forming cells which influence the secondary 
sexual characters. 

By the use of vasectomized males it will be possible to pick out the 
females which are in a suitable physiological condition for successful 
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insemination by artificial or natural means, thereby minimizing the 
amount of error introduced in experimental work by the use of females 
in unknown physiological condition. In critical experiments by using 
for an indicator a vasectomized male, homozygous for one color factor, 
and for the later insemination sperm from a male homozygous for an- 
other color factor, one will have a definite breeding test showing whether 
or not, by any accident, the vasectomized male was able to, transfer 
sperm to the female. 


PHOTOGRAPHIC MAGNITUDES OF STARS IN THE SELECTED 
AREAS OF KAPTEYN 


By Frederick H. Seares 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, February 1, 1917 


A casual experience with the details of astronomical investigation 
reveals, in the number of the stars, a serious difficulty to be overcome 
in undertaking any discussion of the development and structure of the 
stellar universe. Telescopes of even moderate size bring before the 
observer stars to be counted by tens of millions, while those shown by 
instruments of the highest power are many times more numerous. Since 
the individual examination of all these objects will not be seriously con- 
sidered, the question arises as to a rational limitation of the program 
of observations. Fortunately, the problem is not as hopeless as it. 
seems, for very important and illuminating facts are to be derived from 
a minute percentage of the total number of stars seen in our telescopes, 
provided only that the objects chosen for study be representative of 
the collection as a whole. 

Kapteyn, in ‘1906, showed that by proper restriction and selection 
we might hope to obtain, within a comparatively few years, a fairly 
comprehensive notion of the salient features of the structure of the 
universe. His well-known ‘Plan of Selected Areas,’ published in that 
year, formulates in a definite way the investigations to be undertaken 
in order that we may acquire an adequate knowledge of stellar posi- 
tions, distances, proper motions, radial velocities, spectra, and magni- 
tudes, both visual and photographic, which are the data essential for 
a consideration of the questions of structure and development. 

The principle of selection adopted by him involves the detailed exam- 
ination of all objects within the reach of observation, situated in cer- 
tain small areas uniformly distributed over the sky. About two hun- 
dred such selected areas are included in the list; the center in each case 
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is definitely marked by a star of more than average brilliance, but the 
boundaries are elastic and may be adapted to the special requirements 
of any given problem. In order that the accidental irregularities of 
distribution may not too greatly influence the results, each region, in 
dealing with stars of moderate brightness, will cover one or two square 
degrees; but for the very numerous fainter objects, sufficiently compre- 
hensive data can be obtained from much smaller areas, including, in 
some cases, only a small fraction of a degree. 

- Kapteyn thus avoids the task impossible of execution and sets one 
that is more appropriate to our limited capacities. We occupy our- 
selves with what in effect is a sampling of the contents of the heavens, 
and, because of that underlying regularity presupposed by all our science, 
accept with some confidence its inferences and deductions as to the 
totality of the universe of stars. 

But with even this much restricted plan, the actual labor still is very 
great, beyond the resources of any single institution, and subdivision 
and coéperation have therefore been necessary. Various observatories 
and numerous individuals have devoted themselves to special programs 
of observation, with the result that data are now rapidly accumulating. 

In accordance with this plan several investigations, for which the 
equipment of the Solar Observatory is peculiarly adapted, have been 
undertaken at Mount Wilson. One of these, with which this note is 
particularly concerned, relates to the determination of photographic 
magnitudes. 

In any scheme of sidereal research, measurements of stellar bright- 
ness are an important element; for a knowledge of stellar distribution 
and of the concentration of stars toward the galactic plane, they are 
essential; for the statistical discussion of stellar distances, they furnish 
criteria of the greatest value; and when both photographic and visual 
(or photovisual) magnitudes are known, we have immediately available 
values of the color which, for the fainter stars at least, are of much im- 
portance, since they afford, for objects inaccessible to spectroscopic 
observations, a hint as to physical condition not to be obtained by any 
other means. ! 

In every photometric research a precise knowledge of the scale of 
magnitudes is an essential feature, and for the Mount Wilson investiga- 
tion this primarily was the requirement. Professor Kapteyn had 
previously been furnished with photographs of an hour’s exposure, 
with the 60-inch reflector, on each of the selected areas on and north 
of the parallel at — 15° declination; and for the reduction of these photo- 
graphs sequences of standard magnitudes were required. Although 
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standards for the faint stars were especially desired, brighter objects 
have also been observed in order to facilitate comparisons with other 
photometric systems. 

A simple means of deriving a sequence of standards is to transfer 
to the region in question, by means of intercomparison photographs, 
the standards already established at the Pole. But in the present 
case this method could not be used; the range of brightness to be covered 
was too great, and the limiting magnitude to be attained too faint. 

Separate determinations of the scale were accordingly undertaken 
for each area, and, as a means of greater precision, these were based 
on all the stars shown on the photographs used. We have, therefore, 
for each region a large number of magnitudes, instead of merely se- 
quences of standards. The labor was thereby somewhat increased, but, 
besides the greater accuracy, there is the advantage of a complete utiliza- 
tion of the data of observation. 

To establish the photographic scale of magnitudes, the relation be- 
tween the brightness of a star and the size of its photographic image 
must be found. This can be reliably accomplished by means of succes- 
sive exposures, of constant duration, made on the same plate with light ~ 
of different intensities.2 The variations in intensity, which must be 
known, can. be produced through a change in the effective aperture 
of the telescope by adding diaphragms or screens of wire gauze. In- 
dividual stars will therefore show two or more images, with differing 
dimensions corresponding to known differences of magnitude. When 
once the images on any photograph have been completely measured, 
a simple interpolation process quickly gives the relative magnitudes 
of all the stars. To determine their absolute values, a zero-point 
correction must be added, whose value has to be derived from other data. 

If the scale is to be established over a considerable range of magnitude, 
photographs of both long and short exposure will be required; and to 
reduce the influence of the various errors, which in photometric work 
are always numerous and troublesome, several separate determinations 
will be made, preferably with diaphragms and screens which change 
the intensity by different amounts. The program adopted for each of 
the Selected Areas is shown in the Table. 


DURATION OF 


NO. PLATES APERTURE IN INCBES EXPOSURES 
1 60, 32, 32, 60 15m 
1 60, Screen, Screen, 60 15 
D 60, 32, 14, 9, 9, 14, 32, 60 2 


This arrangement of exposures admits of six separate determinations 
of the scale, and a possible maximum of sixteen different values of the 
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magnitude of a given star, though the average number is only five or 
six; for the faintest stars there are naturally but two—those derived 
from the full-aperture images of the two plates of long exposure. 

It was planned originally to include only the 115 Selected Areas on 
and north of the Equator, and the 460 plates necessary for the deriva- 
tion of relative magnitudes in these regions have nearly all been taken. 
The measures are also well advanced, and for 80 regions the reductions, 
up to and including the relative magnitudes, are complete. It now 
seems desirable to include the 24 areas at — 15°, and these accordingly 
will be added to the program. 

To reduce the relative magnitudes to absolute values on the inter- 
national system, it is convenient to rely upon the North Polar Standards, 
for which precise results are known. ‘To determine the various zero- 
point corrections, two series of intercomparison photographs have been 
made: first, comparisons of each area with the adjacent areas of the 
same zone of declination, and second, duplicate comparisons of six 
equidistant areas in each zone with the region of the Pole. By means 
of the zonal comparisons, the magnitudes of each zone can be brought 
to a common zero-point, which, through the polar comparisons, can 
finally be referred to the international standard. Since the inter- 
comparison exposures are of only two minutes duration, the photo- 
graphs are rapidly accumulated. All but 50 of the 302 plates required 
for the original program have been obtained. 

Since these photographs have not yet been reduced, the lower limit 
for the magnitudes is not accurately known, but probably it is not far 
from 17.5 on the photographic scale. The range of brightness is always 
such as to include the central star of the area and usually is eight mag- 
nitudes or more. The field is that of good definition, with the full 
aperture of the 60-inch mirror; its diameter is 23’ and its area 
about one-ninth of a square degree. The number of stars shown in 
such a field on the plates of fifteen minutes exposure varies from 40 
or 50 in high galactic latitudes to 2000 or 3000 in the star clouds of the 
Milky Way. The total for the Areas on and north of the Equator 
should be 55,000 or 60,000. 


1 Published by the Astronomical Laboratory at Groningen. 
? Seares, F. H., Mt. Wilson Conirib., No. 80; Astroph. J., Chicago, 39, 1914, (307-340). 
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ARCHAEOLOGY OF MAMMOTH CAVE AND VICINITY: 
A PRELIMINARY REPORT 


By N. C. Nelson 


AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK 
Communicated by H. F. Osborn, February 2, 1917 


American anthropology appears to have arrived at something like 
a turning point in its history. The continent has now been covered 
more or less intensively and on the basis of the collected data both 
the ethnologists and the archaeologists are beginning to publish maps 
outlining in a tentative way the boundaries respectively of the historic 
and the prehistoric culture centers. (See W. H. Holmes, also Clark 
Wissler, Amer. Anthrop., New York, 16, No. 3, 1914; and Wissler in 
the Holmes Anniversary Volume, 1916.) These two maps, as would 
be expected, while not identical show a noteworthy correspondence. 

The question at once arises: how came these centers of cultural 
intensification to be? Thus far we have no scientific answer. We may 
say either that they were originated and developed in place or that they 
were transmitted from without, or finally—and what is most likely— 
that they are the products partly of transmission and partly of local 
origination. In any event the given culture complex did not drop out 
of the heavens in its perfected form: it has a history and what that 
history has been is for the archaeologist to determine. 

That the archaeologist can do this service need not be questioned. 
He has done it—or at least so it appears—in Europe. To some of us 
his performance is not entirely satisfactory as yet and when he insists 
that by searching in the New World we shall find the identical state of 
things which he himself has found in the Old World we openly rebel. 

But having said this we must still allow the European to point with 
pride to his chronological series and at the same time admit the justice 
of his criticism to the effect, viz., that our own investigations are al- 
most totally deficient in this respect. Our museums abound in choice 
collections from this and that type locality but we possess little knowl- 
edge of how the diversified cultural traits of which these collections 
bear testimony came about or what are their antecedent relationships. 
In so far as we mentally arrange these cultures in order of their complexity 
beginning, let us say, with the shellmound peoples and ending with 
the Mayas or the Incas it is a purely selective procedure, perhaps es- 
sentially true but nevertheless devoid of real scientific merit. 

It is true that some sporadic efforts at chronological determinations 
of different sorts have been made, as, for example, by Dr. Uhle in Peru, 
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by Dr. Spinden in the Maya area, by the writer and others in the Cali- 
- fornia shellmounds and by a number of men from different institutions— 
including the American Museum—in the Trenton gravels, as well as in 
several of the rockshelters of New Jersey and finally by the writer again 
in the Southwest. All these attempts are of very limited significance, 
however, each embracing but an infinitely small segment of the entire 
cultural curve. Without elaborating on the subject any further it 
must be tolerably clear from the foregoing how urgent is the need for 
problem work in American archaeology. 

Being convinced of this necessity, the American Museum last summer 
made a preliminary investigation of some of the Kentucky caverns. 
Caves and rockshelters, in view of the wonderful returns they have 
yielded in Europe, are difficult to resist even though they have been 
tried over and over again in America with practically negative results. 
The general locality was deliberately chosen as being well south of the 
limits of glaciation, and in fact in some respects quite comparable to the 
Lower Pyrenees. ‘The quest was not precisely to find evidence of Pale- 
olithic man; it was merely to ascertain whether in the middle Missis- 
sippi region there was any trace of a relatively primitive stage of de- 
velopment that might have given rise to the Moundbuilder culture 
as we know it at its best. In this the writer, who conducted the in- 
vestigation, is at least morally certain that he succeeded. 

In the spring of the year, after consulting with Professor Arthur M. 
Miller of the Geological Department of the State University at Lexington, 
two series of caves and shelters were inspected: one along the Kentucky 
River, south of Lexington, and the other along the Green River in the 
vicinity of Mammoth Cave. Later in the season some trial excavations 
were carried out in several of the Green River sites and positive results 
were obtained in two places, viz., in Mammoth Cave and in a small 
unnamed rockshelter about six miles lower down the river. 

The discovery in Mammoth Cave consisted of a stratified relic-bearing 
deposit ranging from a few inches to about 4 feet in depth and forming 
part of the floor debris of the large entrance vestibule. In some places 
the refuse reached the surface of the cave floor while in others it was 
buried under as much as 4 feet of sterile cave earth and rock laid down 
unquestionably by modern man. ‘The body of the refuse was composed 
largely of ashes, being presumably the slow accumulation of aboriginal 
hearth fires. In this matrix was found a considerable quantity of crushed 
animal bones among which have been distinguished the deer, beaver, 
opossum (?), turtle, bat and several birds; as well as numerous shells 
representing two or three species of fresh-water bivalves,—all of it 
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together being nothing more nor less than ‘kitchen’ refuse. — Isolated 
portions of the human frame, such as, for example, the distal end of an 
adult femur, a small fragment of a pelvic girdle and several teeth, were 
met with at different levels in the deposit; but the remains are not, as 
might be supposed, in such a state as to suggest cannibalism. Of 
artifacts in a stricter sense of the term there were obtained a small 
series of awls and other pointed implements made from bone and antler, 
many of them being simply improvised from splinters while a few were as 
perfect as anything of the sort found in America. The flint specimens 
consisted of numerous reject flakes (some of them apparently used) 
and five or six chipped blades, mostly fragmentary. Of workmanship 
in shell there came to light two perforated pendants and several half- 
shells that may have served as spoons or scrapers. Finally, there were 
uncovered three more or less crude pestle-like objects made of limestone. 
And that was all. Several test trenches were opened at different places 
and quite a number of cubic yards of the refuse was most carefully 
worked over, but without avail. Not a trace could be found either of 
maize or of pottery or of any of the finer forms of polished stone work 
otherwise so characteristic of the general region. The absence of these 
things in Mammoth Cave may be an accident but if so it is most extra- 
ordinary. 

The second discovery, as previously stated, was made in a rock- 
shelter about six miles down the Green River, in the bluff opposite the 
lower end of Boardcut Island. The place is about three miles in an 
airline from the Mammoth Cave. Here in the natural floor earth was 
found a thin stratum of ashes containing bits of flint and also fragments 
of pottery. A little deeper down was laid bare a stone-grave burial 
of the type so often met with in that section of the Mississippi basin 
and generally accepted as of relatively late date. Unfortunately 
nothing whatever accompanied the interment, and as conditions did 
not permit digging more than the one test pit no complete artifacts 
were obtained from the shelter. 

The significance of these two isolated horizons of culture, briefly 
stated, seems to be that we have evidence in the one instance of an 
agricultural people and in the other of a people who lived mostly if 
not entirely by hunting. The rockshelter horizon being clearly associ- 
able with the later developments in the Moundbuilder area, we must 
assume the cultural segment in the Mammoth Cave to antedate it. 
At the same time it should be emphasized, in conclusion, that the 
Mammoth Cave horizon, in view of the faunistic remains accompany- 
ing it, cannot in any absolute sense be regarded as ancient. 


PATHOLOGY: CHITTENDEN AND UNDERHILL 195 


A detailed discussion of these investigations will appear in the Anthro- 
_pological series of the American Museum of Natural History, New York 
City. 


THE PRODUCTION IN DOGS OF A PATHOLOGICAL CONDITION 
WHICH CLOSELY RESEMBLES HUMAN PELLAGRA 


By Russell H. Chittenden and Frank P. Underhill 


SHEFFIELD LABORATORY OF PHYSIOLOGICAL CHEMISTRY, YALE UNIVERSITY 
Communicated, February 2, 1917 


The nutritional diseases designated as beri beri, scurvy and pellagra 
are currently believed to be induced by a deficiency in the diet of some 
undefined but essential constituent or constituents. From the experi- 
mental standpoint the pigeon is peculiarly sensitive when the diet fails 
to provide a sufficiency of these unknown but essential food substances, 
and polyneuritis develops. The symptoms of polyneuritis in birds 
closely resemble those of beri beri in man. The guinea pig has proved 
to be especially susceptible to scurvy. On the other hand, pellagra in 
the ordinary laboratory animals is rarely mentioned. 

We have accomplished the experimental production in dogs of a 
diseased condition which closely resembles human pellagra. The 
characteristic phenomena are readily evoked by feeding these animals 
a diet consisting of boiled (dried) peas, cracker meal and cotton seed oil, 
or lard. ‘The ingestion of suitable quantities of meat causes the symp- 
toms of disturbed nutrition to disappear. On the other hand, if the 
amount of meat contained in a selected mixed diet is insufficient, the 
same evidences of abnormality may be exhibited. The symptoms 
appear in varying periods of time which may be altered by changes in 
the character of the diet. 

The onset of the symptoms is generally very sudden. Usually the 
first abnormal manifestation in dogs is a refusal to eat, and cursory 
examination reveals nothing to account for the loss of appetite. The 
animal lies quietly in its pen and is apathetic. After continued refusal 
to eat for a day or two, the mouth of the dog presents a peculiar and 
characteristic appearance, in that the inner surface of the cheeks and 
lips, and the edges of the tongue, are so covered with pustules as to 
give the impression of a mass of rotten flesh. .The odor from the tissues 
is foul. The mucous lining of the mouth comes away in shreds when 
stroked with absorbent cotton. Intense salivation exists. The teeth 
remain normal. A bloody diarrhoea is present, attempts at defecation 
being very frequent, and resulting in the passage of little more than a 
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bloody fluid of foul odor. In some cases the thorax and upper part of 
the abdomen may contain many pustules one half an inch in diameter 
and filled with pus organisms. No other skin lesions are prominent. 
Death usually results without any particularly striking features. 

In some instances convulsions constitute a distinctive symptom which 
may or may not be manifested simultaneously with the abnormal 
symptoms already described. 

At autopsy two types of conditions are recognizable. In the animals 
presenting foul mouth and bloody diarrhoea the chief interest centres in 
the lower bowel and in the rectum which exhibit an intense hemorrhagic 
appearance. With those animals dying rapidly from convulsions the 
only visible abnormality of the alimentary tract is the presence in the 
duodenum of one or more large ulcers. 

The detailed data of the investigation which will be published else- 
where justify the following summary and conclusions: 

Dogs fed upon a diet consisting of boiled (dried) peas, cracker meal 
and cotton seed oil, or lard, rapidly develop symptoms indicating 
abnormal nutrition. This condition eventually terminates in death. 
Previous to the development of the pathological manifestations the dogs 
are usually in nitrogen balance and exhibit excellent food utilization. 
The nitrogen partition of the urine is normal when compared with that 
of animals maintained upon the same level of nitrogen intake. 

The pathological symptoms at times can be made to disappear and 
the normal condition of nutritional rhythm can be re-established by the 
addition of meat to the dietary. 

In the production of the symptoms it is immaterial whether the 
transition from a diet containing meat to one of vegetable origin is 
sudden or gradual. The final outcome is the same in both cases. 

The intake of a large quantity of peas is less detrimental than smaller 
amounts. 7 

In the development of the pathological condition the level of nitrogen 
intake as such plays little or no rdle. 

The typical symptoms may be induced in dogs, but with much greater 
difficulty, when a diet containing meat, cracker meal and lard is fed in 
appropriate quantities. For the production of the diseased condition 
the meat intake must be reduced to a certain undefined minimum. 
Under these circumstances less than fifty per cent of dogs exhibit patho- 
logical symptoms and these may appear in periods of two to eight months. 

From the facts enumerated the conclusion seems tenable that the 
abnormal state may be referred to a deficiency of some essential dietary 
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constituent or constituents presumably belonging to the group of hitherto 
unrecognized but essential components of an adequate diet. 

In the essential features the pathological manifestations described 
in this investigation closely resemble those which may be observed in 


human pellagra. 


THE COMPLETE ENUMERATION OF TRIAD SYSTEMS IN 15 
ELEMENTS 


By F. N. Cole, Louise D. Cummings, and H. S. White 


Read before the Academy, November 14, 1916 


If any set of 15 points are joined by all the possible 105 connecting 
lines, then these may be combined in sets of three to form 35 triangles. 
The marks or ‘elements’ designating the three vertices are a sufficient 
description of any one triangle, and a list of all 35 triangles constitutes 
a ‘triad system on 15 elements.’ Two such sets of triangles are essen- 
tially alike if a renaming of its points turns the one list into the other; 
if that cannot be done, the two lists or systems are essentially differ- 
ent. How many essentially different triad systems can be formed of 
a given number of elements, is a question of much difficulty, never 
before answered when the number of elements is 15 or more. For 13 
elements there are but 2 different systems, for 9 or 7, only one. The 
present paper shows that for 15 elements, there are exactly 80 different 
systems. ‘This conclusive result is established by Mr. Cole. 

Three years ago the dissertation of Dr. Cummings increased the number 
of known triad systems on 15 elements from 10 to 24, and furnished a defi- 
nite method for comparing systems and verifying their difference or equiv- 
alence. All the new systems found by Miss Cummings contained a ‘head’ 
—a triad system on 7 of the 15 elements, while one exceptional system 
among the 10 previously known was ‘headless,’ a system constructed by 
Heffter. But all of them admitted groups of transformation into them- 
selves, and it was suspected that the possession of a group might be a 
necessary property of triad systems. Mr. White takes the group for a 
starting-point; finds seven types of substitutions, one or more of which 
must occur in the group; and constructs all the district triad systems for 
each of those seven typical substitutions. This gives as a gross result 83 
systems. By two methods, that of Miss Cummings (by sequences) and 
one introduced by Mr. White (by trains) these are tested, duplicates 
are eliminated, and the net result is found to be 44 systems. Of these, 
exactly 23 exhibit heads and are equivalent to those in Miss Cummings’ 
list, while 21 are headless, including the one such (Heffter’s) previously 
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known and twenty new ones. The orders of the groups are 2, 3, 4, 
5, 6, 8, 12; 21, 24, 32,'36,,60, 168, 192,288; and 200GO: 

Groupless systems on 31 elements were next found (see these Pro- 
CEEDINGS, 1, 1915, 4), and the question was raised whether possibly 
groupless systems could exist in 15 elements. ‘This question is answered 
by the actual construction of several such systems by Mr. White and 
Miss Cummings. But while their empirical method is productive, it 
is not deductive and so could not be shown to be exhaustive. A new 
starting-point and a new method are requisite, to insure a complete 
survey of groupless systems as well as the better known kinds. This 
method was furnished, and its tedious and difficult execution under- 
taken, by Mr. Cole. 

Starting out with the four possible openings: 


: a ee 167 189 11011 11213 11415 
ean 246 278 2910 21112 21314 2515 
? nee ee 167 189 11011 11213 11415 
Se a 246 258 279 21012 21114 21315 
ee ie ee 167 189 11011 11213 11415 
ae aie 246 257 2810 2912 21114 21315 
at Loe Ve 167 189 11011 11213 11415 
Scan ake 246 257 2810 2911 21214 21315 


which, from the mode of interlacing of the triads containing 1 with 
those containing 2, may be called dodekad, hexad, single tetrad, and 
triple tetrad types, respectively, he began by proving that no system 
could be built up with interlacings of type I alone. Then it was found 
that with types I and II alone only one system was possible: that al- 
ready found by Heffter. With this one exception every triad system 
in 15 letters has an interlacing of type III or IV. 

The census was next continued by working out all the systems con- 
taining type IV. These included most of the systems with a 7-head 
(triad system in 7 of the 15 letters); a brief excursus covered the re- 
mainder of the 7-head systems. There were in all 23 systems with 
7-head and 38 without 7-head. 

There remained the systems with type III but not type IV. These 
were divided into two classes: (1) those with a ‘semi-head:’ 123 145 
167; 246 257; 347; and (2) those without semi-head. Of the former 
there were 3, of the latter 15. 

The total number of types of triad systems in 15 letters therefore 
proves to be 80. 

Proof that the 44 systems with groups are different is based on the 
set of trains belonging invariantively to each system. There are over 


-_——. 


PHY SICS:.E. LE) (NICHOLS 199 


200 kinds of trains altogether, represented in their connection by graphs, 
so that a glance furnishes intuitive evidence of their essential difference. 
For the groupless systems Miss Cummings gives a table of the indices 
which represent the sequences of each system, and comparison is not 
difficult. She exhibits also a table of the four varieties of interlacing 
of pairs, as distinguished by Mr. Cole, showing how many of each kind 
are found in each system. These latter data alone are found, in eight 
cases, to fail to discriminate two systems actually different. Perfect 
discrimination would almost certainly be possible by the use of a double 
entry table, 15 by 15, showing the exact distribution of tetrads, hexads, 
oktads, and dodekads. 


NEW DATA ON THE PHOSPHORESCENCE OF CERTAIN 
SULPHIDES 
(DISCUSSING MEASUREMENTS BY DRS. H. E. HOWE, H. L. HOWES AND 
PERCY HODGE) 
By Edward L. Nichols 


DEPARTMENT OF PHYSICS, CORNELL UNIVERSITY2 
Read before the Academy, November 14, 1916 


Ph. Lenard to whom we owe extended studies of the class of highly 
phosphorescent substances known as the Lenard and Klatt? sulphides, 
describes? the spectrum of the emitted light as consisting of a single 
broad band in the visible spectrum. This band which appears single 
in most cases, aS viewed with the spectroscope, does not however con- 
form to the recognized criteria. The marked difference between the 
color of fluorescence and that of phosphorescence and the changes of 
color during decay, suggest over-lapping bands. As shown by E. 
Becquerel* the color of the emitted light varies with the wave length 
of the exciting rays. His observations apply, it is true to sulphides of 
barium, calcium and strontium not identical with the preparations of 
Lenard and Klatt, but belonging to the same class. In a recent paper® 
I gave more direct evidence of the existence of more than one band in 
the spectra of these substances. 

In their original paper? Lenard and Klatt depicted these spectra as 
complex instead of single; but in both the earlier and the later papers 
attention is given rather to the mode of excitation than to the character 
of the phosphorescent light itself and the regions of excitation in the 
violet and ultra violet are carefully mapped. 

Significance of the Bands of Excitation —It seemed probable that these 
regions of maximum excitation, the positions and appearance of which 
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had long since been depicted by Becquerel, were due to the presence of 
absorption bands. Dr. H. E. Howe, who was employed last summer 
in the study of ultra violet absorption spectra, was kind enough to test 
this hypothesis. 

In his experiments the phosphorescent substance was exposed to the 
continuous ultra violet spectrum of the powerful submerged aluminum 
spark described by Henri® and subsequently employed by Howe’ in 
his study of absorption spectra. The bands of excitation (Erregungs- 
bande of Lenard) were thus located and with these absorption bands of 
the phosphoresent substance, obtained by reflection, were shown to 
coincide in position and extent. In the case of a barium sulphide with 
lead as an active metal, the crests of the bands of excitation were at 0.380y 
and 0.335u. Lenard gives for a sulphide of similar composition, 0.377u 
and 0.332u. 

The crests of the absorption bands are at 375yu and 332yu. Similar 
coincidences were established in the case of Sr, Zn and Sr, Pb sulphides 
and the relation is therefore probably a general one corresponding to 
that already established in the case of the selective activity of infra 
red rays upon the phosphorescence of zinc sulphide,’ where the maximum 
effect was found in regions of maximum absorption. 

Spectrophotometric Measurements—A _ detailed spectrophotometric 
study reveals widely varying degrees of complexity in the spectra of 
these sulphides. 

Dr. H. L. Howes kindly made for the writer very careful measurements 
of three characteristic compounds. Settings were made at intervals 
of 50 Angstrom units throughout the spectrum. 

The curves thus obtained show the existence of many overlapping 
bands so nearly merged that to the eye the appearance is that of a single 
simple band. There is moreover a distinct suggestion of a systematic 
relation. 

Taking the relative frequencies, i.e., reciprocals of the approximate 
wave lengths of the crests (1/u X 10%) it is found that the over-lapping 
bands are members of one or more series of constant frequency interval; 
which interval varies for the different sulphides. 

Whether the spectra under consideration are to be regarded as con- 
sisting of a single band or of more than one band is not a question of 
complexity of structure. 

Any system however complex which behaves as a unit under varying 
conditions of temperature, mode of excitation, etc., all the components 
being affected in like manner, may be considered as a single band in the 
sense in which that term has been used by Lenard. We have a striking 
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example indeed of such bands or systems of great complexity of structure 
in-the case of the urany] salts. 

The evidence that, in general, the spectra of the phosphorescent 
sulphides contain more than one band or complex has already been 
mentioned, e.g., the marked changes of the color of phosphorescence 
with temperature and during the process of decay. 

The Decay of Phosphorescence in Different Paris of the Spectrum.— 
To obtain the curve of decay for a restricted region of the spectrum Drs. 
Howes and Hodge used a spectrophotometer in combination with the 
synchrono-phosphoroscope. In this way a set of curves corresponding 
to several nearly equidistant regions within the phosphorescent spectrum 
were obtained for each of the three sulphides under consideration. 

A notable feature of all these curves is the existence of two so-called 
linear processes the first of steeper slope and therefore indicative of a 
more rapid decay of phosphorescence than the second. This form of 
curve, as is well known, is characteristic of phosphorescent substances 
in general, the only well established exceptions being those occurring 
in the case of the uranyl salts.2 As regards the relation of the two pro- 
cesses recorded in these diagrams to what appear as the first and second 
processes in the usual study of the long time phosphorescence of such sul- 
phides, it is clear that the second process in our curves is not identical 
with the first process as observed by the usual long time methods. 
Assuming the second process to continue, the intensity after one second 
would be about 1/1000 of that at 0.01 second or roughly 1/20,000 of its 
initial brightness whereas as is well known these substances retain an 
easily visible phosphorescence after many seconds. 

Owing to the over-lapping of the components in the spectra under 
consideration it is difficult to determine whether the group of equidistant 
bands are to be regarded as a unit, as is in the case of the uranyl salts 
or indeed whether they constitute the whole of the phosphorescence 
spectrum. To that end some method permitting of more complete 
resolution must be devised. 

The pronounced changes in the color of the phosphorescent light 
would make it seem probable that we have to do in these observations 
chiefly with components of the phosphorescence that are of rapid decay 
and that, after a few hundredths of a second, these disappear leaving 
behind other components which constitute the phosphorescence of 
long duration. These, which are probably of relatively insignificant 
initial brightness, doubtless overlap the phosphorescence of short dura- 
tion but occupy, as a whole a somewhat different portion of the spectrum. 

In that case since one has to do with a different group of bands in 
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observing the initial and the later phases of phosphorescence there would 
be an actual discontinuity between the processes referred to above and 
those in the curves for the phosphorescence of slow decay. 

Summary.—(1) The regions of selective excitation (the bands of 
excitation) for the Lenard and Klatt sulphides are shown to coincide 
in position and extent with absorption bands in the transmission spec- 
trum of the substances. 

(2) The spectrum of the phosphorescent light during the first few 
thousandths of a second after the close of excitation, contains one or 
more groups of over-lapping bands the crests of each group forming a 
spectral series having a constant frequency interval. 

(3) The decay of phosphorescence during the first three hundredths 
of a second after the close of excitation may be described as consisting 
of two processes each showing a linear relation between J~? and time. 
The first and more rapid process lasts for less than 0.01 second for the 
three sulphides studied under the intensity of excitation employed. The 
second process probably persists for 0.06 seconds or more. 

(4) The phosphorescence of long duration of the sulphides under 
consideration is probably due to another group of bands of comparatively 
feeble initial brightness which come under observation only after the 
phosphorescence of short duration has vanished. 


1 The investigation was carried out in part with apparatus purchased by aid of a grant 
from the Carnegie Institution of Washington. 

2 Lenard and Klatt, Ann. Physik, Leipzig, (Ser. 4), 15, 1904, (225). 

® Lenard, Jbid., 31, 1910, (641). 

4 Becquerel, E., La Lumiére, Vol. 1, 1861. 

5 Nichols, Philadelphia, Proc. Amer. Phil. Soc., 55, 1916, (494). 

6 Henri, V., Physik. Zs., Leipzig, 14, 1913, (516). 

7 Howe, Physical Rev., Ithaca, (Ser. 2), 8, 1916, (637). 

8 Nichols and Merritt, Washington, Carnegie Inst., Pub., No. 152, (84). 

° Nichols, these PROCEEDINGS, 2, 1916, (328). 


THE REACTIONS OF’ THE MELANOPHORES OF THE HORNED 
TOAD 


By Alfred C. Redfield 


ZOOLOGICAL LABORATORY OF THE MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD COLLEGE* 
Communicated by G. H. Parker, February 3, 1917 


The reactions of the melanophores of the horned toad Phrynosoma 
cornutum are of three distinct types: (1) Those which manifest them- 
selves in a daily rhythm of reactions, correlated with definitely changing 


* Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 
at Harvard College, No. 292. 
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conditions of illumination and temperature; (2) those which result 
in an approximation of the color of the skin to that of the substratum 
on which the lizards live; and (3) those occurring during nervous 
excitement. 

The daily rhythm of melanophore reactions consists in an expansion 
of the melanphore pigment, and a consequent darkening of the skin, 
in the morning and afternoon, and a contraction of the melanophore 
pigment and a paling of the skin at mid-day and at night. These re- 
actions are due to the interaction of illumination and temperature upon 
the pigment cells. At mean temperatures (20°C. to 30°C.) the melan- 
ophore pigment is expanded in the light and contracted in the dark. 
In this way the coloration of the skin in the morning, afternoon, and 
night is explained. At higher temperatures the melanophore pigment 
is contracted irrespective of illumination; the pale coloration of the 
skin at mid-day is thus explained. At lower temperatures the melano- 
phore pigment is expanded irrespective of illumination. 

The responses of the melanophores to illumination and temperature 
are due to the direct action of these stimuli upon the pigment cells or 
some closely associated tissue, for: (1) a local illumination, a local 
shadow, or a local heating of the skin produces a local reaction of the 
melanophores; (2) the reactions to illumination and temperature take 
their normal course in regions of the skin which have been isolated from 
the nervous system. 

The adaptive reactions of the melanophores are initiated by stimuli 
received through the eyes. If horned toads are blindfolded, no adap- 
tive reactions take place. This inhibition of the reaction is not due to 
the mechanical effects of blindfolding. Upon the adaptive reactions 
are superimposed the daily rhythm of color changes, with the result 
that lizards adapted to a dark substratum become paler at night and 
at mid-day, while lizards adapted to a light-colored substratum be- 
come darker in the morning and afternoon. 

During states of nervous excitement the melanophore pigment of 
the horned toad is so contracted that the color of the skin becomes pale. 
This reaction is brought about by any noxious stimulus, such as pro- 
longed mechanical or faradic stimulation, holding an animal on its 
back, or prying open its mouth. The reaction occurs irrespective of 
illumination, temperature, or the adaptive condition of the skin. The 
codrdinative mechanism, by which a local noxious stimulus brings about 
a reaction of the melanophores of the entire body is described in the 
following paper. Probably this mechanism also carries out the adaptive 
reactions of the melanophores. 
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THE COORDINATION OF THE MELANOPHORE REACTIONS OF 
THE HORNED TOAD 


By Alfred C. Redfield 


ZOOLOGICAL LABORATORY OF THE MUSEUM OF COMPARATIVE ZOOLOGY, HARVARD COLLEGE} 
Communicated by G. H. Parker, February 3, 1917 


In a foregoing paper (Redfield, 1916)? it was pointed out that the 
melanophores of the horned toad Phrynosoma cornutum are coér- 
dinated by a hormone, produced during nervous excitement, which 
causes its pigment to contract. The following considerations indicate 
that this hormone is adrenin, the secretion of the adrenal glands. (1) 
Adrenin in very minute subcutaneous doses causes a contraction of the 
melanophore pigment. (2) The adrenal glands exhibit the chromaffin 
reaction and their extract not only yields a characteristic physiological 
test for adrenin, but causes the melanophore pigment to contract when 
injected subcutaneously into a horned toad. (3) Faradic stimulation 
of the adrenal glands causes a contraction of the melanophore pigment 
of the skin. (4) The occurrence of “emotional” hyperglucemia in 
the horned toad indicates that adrenin is secreted during nervous excite- 
ment. (5) The melanophore pigment is contracted under conditions 
known to produce adrenal secretion In mammals, 1.e., asphyxia, ether 
anaesthesia, morphia and nicotine poisoning. (6) Removal of the ad- 
renal glands blocks the reaction of the melanophores, so that no con- 
traction of the pigment accompanies nervous excitement. In the 
majority of individuals it is necessary to destroy the nervous system 
supplying a part of the skin (an operation which of itself does not block 
the melanophore reaction) before this effect of adrenalectomy manifests 
itself. 

The melanophores are also under the direct control of the nervous 
system. Stimulation of the sciatic nerve causes a contraction of the 
melanophore pigment of the leg. Transection of the spinal cord pre- 
vents the melanophores posterior to that region from being affected, 
when, as a result of nervous excitement, the melanophore pigment of 
the remainder of the skin contracts. It is necessary that the adrenal 
glands be removed before this procedure; otherwise the secretion of 
adrenin will cause a contraction of the melanophore pigment of the 
entire body, and thus mask the effect of the operation upon the nervous 
system. 

The nervous system and the adrenal glands act in a supplementary 
way in codrdinating the reactions of the melanophores, both being 
called into action during nervous excitement. The fact that the melan- 
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ophore pigment is contracted by adrenin may be taken as a strong indi- 
cation that the melanophores are under the control of the sympathetic 
division of the autonomic nervous system (Elliott, 1905).2 A resem- 
blance therefore appears between the mechanism codrdinating the 
melanophores of the horned toad and that codrdinating the smooth 
muscles of the mammalian body. 

Smooth muscles commonly possess a double innervation, each con- 
tractile element being influenced by fibers from the sympathetic and 
from the cranial or sacral division of the autonomic nervous system. 
These pairs of fibers act in an opposite sense upon the muscle. Here- 
tofore no analog of the cranial-sacral division has been demonstrated 
to affect melanophores. The melanophores of the Florida chameleon, 
Anolis carolinensis, are controlled by nerves belonging to the autonomic 
nervous system, impulses from which cause their pigment to expand 
(Carlton, 1903).4 If these fibers belong to the sympathetic division 
of the autonomic nervous system, adrenin should have a similar effect 
upon the pigment cells. Adrenin, however, coniracts the melanophore 
pigment of Anolis. It is suggested, consequently, that the melano- 
phores of Anolis are controlled by fibers analogous to the cranial-sacral 
autonomic nervous system of mammals. It is not improbable that 
both divisions of the autonomic nervous system are in control of the 
melanophores of many vertebrates, but only that division manifests 
itself which dominates when the nerve trunks are stimulated. 

The resemblance between the coérdinative mechanism of melano- 
phores and smooth muscles supports the contention of Spaeth (1916)5 
that these pigment cells are functionally modified smooth muscle cells. 
The fact that this mechanism is brought into action during nervous 
excitement indicates that the physiological basis of emotional mani- 
festations is similar in reptiles and mammals. 


1 Contributions from the Zoological Laboratory of the Museum of Comparative Zoology 
at Harvard College. No. 293. 

* Redfield, A. C., The codrdination of Shiono ores by hormones, Science, New York, 
N. S., 43, 1916, (580-581). 

3 Elliott, T. R., The action of adrenalin, J. Physiol., London, 32, 1905, (401-467, 2 figs.). 

4 Carlton, F. C., The color changes in the skin of the so-called Florida chameleon, Anolis 
carolinensis Cuv, Proc. Amer. Acad. Aris Sci., Boston, 39, 1903, (257-276, 1 pl.). 

5 Spaeth, R. A., Evidence proving the melanophore to be a disguised type of smooth 
muscle cell, J. Exp. Zoél., Baltimore, 20, (193-215, 2 figs.). 
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PETRIFIED COALS AND THEIR BEARING ON THE PROBLEM 
OF THE ORIGIN OF COALS 


By Edward C. Jeffrey 


BOTANICAL LABORATORY, HARVARD UNIVERSITY 
Communicated by J. M. Clarke, February 3, 1917 


In recent years I have published two preliminary articles on the 
conditions of formation of coal based upon a study of the internal 
organization of a large number of coals from various geographical regions 
and different geological horizons? The success of these investigations 
has been based on improved methods, which are recorded in an article 
recently published.* The conclusion reached, contrary to the usually 
accepted opinion supposed to be based on reliable stratigraphic evidence 
is that coal is not in general a deposit laid down zn situ but is composed 
of drift materials deposited in open water. The arguments from struc- 
ture for this opinion seem to be overwhelming, for the typical organiza- 
tion of the numerous coals investigated is entirely canneloid. .Since 
cannel coal is universally conceded to be a deposit accumulated in open 
water, it follows that the great mass of coals must have been accumu- 
lated under similar conditions to those admitted for cannels and oil 
shales as a consequence of their structure. The present writer accord- 
ingly on the basis of new facts arrived at by new and improved 
methods, must announce his adhesion to the doctrine of coal formation 
long held in France, namely that this invaluable mineral is formed of 
drift material laid down in open water and does not correspond at all 
to the peat deposits formed on land in the present epoch and in temper- 
ate climates. 

The strongest argument supplied from the structural standpoint for 
the origin in place of coal is that provided by petrified coals, or as they 
are often designated ‘coal balls.’ A very interesting summary account 
of these structures, with special reference to those occurring in the 
British Isles, was published some years ago. The conclusion is here 
reached that the Upper Foot Seam as well as other English and Conti- 
nental seams of higher and lower geological level, which contain the masses 
of petrified vegetation known as ‘coal balls’ consist of vegetable materials 
accumulated in sea water or at least water that was saline. The pres- 
ervation of the remains during the years of accumulation is attributed 
to the antiseptic properties of sea water. It is apparently an unneces- 
sary assumption since very delicate vegetable structures are found at the 
present day at depths of from three to ten meters in post glacial lactis- 
trine accumulations. It must further be pointed out that the laying 
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down of vegetable materials in saline estuarial basins, even if this mode 
of accumulation be conceded, is very far from complying with the 
conditions of 7m situ formation. 

An interesting feature of the organization of ‘coal balls’ which ap- 
parently has not previously been emphasized vouches strongly for the 
accumulation of their constituents under open water conditions. Very 
frequently masses of charcoal are found distributed irregularly and 
without any principle of stratification through the petrified substance 
of the ball. This burned material irregularly disposed can only be 
explained naturally as the result of the washings of the relics of forest 
fires into open water, as often occurs in the case of our actual lakes. 
In figure 1 is shown part of a ‘coal ball’ showing on one side Cordaitean 
wood which had not been burned previous to mineralization and on the 
other side black woody material which shows all the evidence of trans- 
formation into charcoal. 

It is sometimes assumed that the occurrence of a peat-like organiza- 
tion in the coal balls vouches for their accumulation im situ. Nothing 
could be further from the truth. The use of the peat prober designed 
by the late Dr. C. A. Davis of the U. S. Bureau of Mines, in the case 
of lacustrine accumulations which are still covered by open water, has 
convinced the author that material, which superficially resembles ordinary 
peat is formed often at considerable depths, from the sinking of the water- 
logged twigs, leaves, cones, etc., of land plants to the bottom. Such 
an accumulation is shown in sections in figure 2, which represents mate- 
rial probed at about the depth of two meters under the open waters of a 
small lake in Eastern Quebec. It strikingly resembles in appearance 
the organization of the “coal balls’ shown in figure 1. An organization 
like that of land peat is consequently clearly not convincing evidence 
of the terrestrial origin in the case of masses of petrified coal. 

It will be convenient next to consider the organization of the coals 
whichsurround the petrifactions known as ‘coal balls’. Figure3 illustrates 
the structure of a coal derived from the well known Upper Foot Seam 
of Lancashire, England, from which so many of the English ‘coal balls’ 
have been secured. The cutting of successful sections of coals from 
seams producing ‘coal balls’ has proved to be a matter of considerable 
technical difficulty on account of the lack of bituminous binding material 
in such coals. The coals in question have to be held together with 
wrappings during the process of softening and must receive just the right 
degree of treatment with hydrofluouric acid and nascent chlorine to 
furnish utilizable sections. The general results here recorded depend 
on the examination of the structure of the three different samples of 
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English coals containing ‘coal balls,’ which the author owes to the 
kindness of Dr. Marie Stopes of the University of London whose in- 
vestigations on the origin of these petrifactions are known to all (4). 
Through the kindness of Dr. M. Zalessky of the Comité Geologique of 
Petrograd similar coals have been secured from the great Donetz coal 
fields of Russia. To the administration of the Geologische Landesanstalt 
of Prussia, the author owes material of the dolomitic so-called ‘Torf- 
kohle’ of Westphalia. It will be seen that there has been no dearth of 
appropriate materials for investigation. The organization in every 
case has been proved to be the same and is that shown in figure 3. 
This represents a substance which is composed of darker and lighter 
bands, more or less interrupted by cracks in the matrix of the coal. 
The lighter zones correspond to modified woody material present in the 
original accumulation and the darker stripes to more perishable matter, 
to judge from the situation in the bottom deposits of existing lakes, 
often consisting of the excrements of aquatic animals, such as molluscs, 
fish and amphibia, as well as the more delicate and destructible parts of 
plants. Where the woody material is massive the resulting coal is 
frequently quite homogeneous in its character and corresponds to the 
lighter substance shown in figure 3. The type of organization shown in 
the figure under discussion is frequent in the higher grade coking coals 
of the United States, namely those of Pennsylvania and Virginia. Prac- 
tically no petrified coals however have yet been described for the North 
American continent. 

Figure 4 exemplifies the organization of a typical coal from Lan- 
cashire, England. This illustration shows the presence of a large number 
of light bodies, which are flattened spores. A very large spore (a so- 
called megaspore) is seen in the lower region, while innumerable smaller 
ones are scattered throughout the substance of the coal. In addition 
to the spores are seen bands of darker hue corresponding to much modi- 
fied wood and black zones which represent the more perishable parts of 
the original materials from which the combustible has been derived. 
The bands of the coal under discussion have their counterpart in similar 
structures shown in figure 3. In the coal ball however the innumerable 
spores of figure 4 are conspicuous by their absence. It will at once be 
apparent to the reader that ordinary bituminous coals are much more 
like cannels in their organization than like that of the seams in which 
the petrifactions known as ‘coal balls’ occur. It is thus clear that ordi- 
nary bituminous coal must, if structure is a reliable criterion of origin, 
have been produced under similar conditions to cannels. It is uni- 
versally admitted that cannel coals are of lacustrine origin and owe 
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their accumulation to the bringing of vegetable material from elsewhere 
by air and by water transport. It follows that the commoner coals 
have had a similar derivation since they have practically an identical 
organization. 

It may be summarily stated in conclusion, that there is no good 
evidence that ‘coal balls’ are organized from material accumulated in 
situ. The facts that they often include isolated masses of charred 
vegetable matter and that identical material to that composing their 
substance is often accumulated under modern conditions, by transport 
and sedimentation in open water, furnish very strong evidence of their 
formation from transported material. Further the coals in which ‘coal 
balls’ have been found are abnormal coals singular by the absence of 
spore material which is a striking feature of the organization of typical 
coals of every geological age and all geographical regions. The struc- 
ture of the coals containing the ‘coal balls’ cannot consequently be used 
as an argument in favor of the zm situ origin of coals in general, even if 
it were proved that they themselves had been accumulated in this 
manner, which, as has been shown above on the basis of the organiza- 
tion of ‘coal balls,’ is very far from being established. The great mass 
of coals by their close resemblance in organization to cannels show 
that they have been laid down under the open water and transport con- 
ditions, which are universally conceded for the coals of the canneloid 
category. A fuller account with evidence in greater detail will appear 
at a later date. 


1 Jeffrey, E. C., Economic Geology, 9, 1914, (730-742). 

2 Jeffrey, E. C., Chicago J. Geol. Univ. Chic., 23, 1915, (218-230). 

3 Jeffrey, E. C., Science Conspectus, Boston, 6, 1916, (71-76). 

4 Stopes and Watson, London Phil. Trans. R. Soc., B. 200, 1907, (167-218). 


THE EFFECT OF DEGREE OF INJURY, LEVEL OF CUT AND TIME 
WITHIN THE REGENERATIVE CYCLE UPON THE RATE OF 
REGENERATION 


By Charles Zeleny 


DEPARTMENT OF ZOOLOGY, UNIVERSITY OF ILLINOIS 
Communicated by E. G. Conklin, January 22, 1917 


1. Degree of Injury.—In a former series of papers the writer gave the 
results of experiments on the effect of degree of injury upon the rate of 
regeneration. A number of different species of animals and various 
combinations of injuries were involved. The results obtained tend to 
show that on the whole, within certain limits, the rate of regeneration 
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from an injured surface is not retarded by simultaneons regeneration in 
other parts of the body. Where a difference exists between the rates 
with and without additional injury there is usually an advantage in 
favor of the part with additional injury. The differences are however 
slight and in some cases come within the limits of probable error. It is 
only when the data are taken as a whole that it is possible to judge of 
the correctness of the general conclusion that within fairly wide limits 
of additional injury there is certainly no decrease in rate of regeneration 
but rather a tendency toward an increase. 

Additional data on these points have been obtained and a further 
analysis of the problem was made with a view to the determination of 
the effect of additional injury to a like organ as compared with addi- 
tional injury to an unlike organ. 

Two of the six experiments will be mentioned here. In the first the 
experiment consisted in the determination of the length of the regener- 
ating right fore-leg of the salamander, Amblystoma punctatum, under 
three degrees of injury; (1) when the right fore-leg alone is removed, 
(2) when its mate is also removed, and (3) when its mate and one-half 
of the tail are removed. The second degree involves the removal of 
additional material of the same kind and the third a further removal 
of material of a different kind. In every case it is the regeneration 
of the fore-leg that is used as the basis of comparison. 

At two days the average regenerated lengths of the fore-leg are re- 

spectively 0.13, 0.16 and 0.15 mm. for the three degrees of additional 
injury; at four days the corresponding values are 0.22, 0.36 and 0.29; 
at six days 0.42, 0.53 and 0.55; at eight days 0.66, 0.83 and 0.73; 
at ten days 0.91, 1.34 and 1.24; at twelve days 1.48, 1.60 and 1.61; 
at fourteen days 1.98, 2.19 and 2.29; at sixteen days 3.02, 3.01 and 
3.08; and at nineteen days 3.84, 3.64 and 3.90. In no case does the 
removed fore-leg with no additional injury to the animal give the high- 
est value for regeneration. In all but two of the cases it has the lowest 
value. 
The comparisons show that the regeneration of a fore-leg is not as 
rapid as when the individual is regenerating no other part of the body 
as it is when the other fore-leg is being regenerated at the same time. 
There is, however, no essential difference between the effect of addi- 
tional injury of a fore-leg and an additional injury of a fore-leg plus one- 
half of the tail. It may be that the effect of additional removal is con- 
fined to removal of a similar part. On the other hand, the accelerating 
effect may be found only within certain degrees of injury, the limit 
being exceeded by the highest of the three degrees. 
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In order to test further the view that the accelerating effect may be 
confined to additional removal of a similar organ a comparison was 
made of the regenerating tail lengths following removal of one-half of 
the tail under the two degrees of no additional injury and of removal 
of the two fore-legs. In such a case there is no difference in rate of re- 
generation of the tail. 

These experiments, together with others that have been made, when 
taken as a whole show that a part regenerates slightly more rapidly 
when additional material of the same kind is removed than when the 
part alone is removed. Simultaneous removal of tail material, how- 
ever, may not accelerate the regeneration of a leg and simultaneous 
removal of a leg may not accelerate the regeneration of the tail. The 
rate in these cases is, however, not decreased by the additional injury. 
The statement may therefore be made that within limits the regener- 
ation of a part is not retarded by simultaneous removal and regenera- 
tion of material in other parts of the body. When this additional mate- 
rial is of the same kind as that whose rate is being studied there may 
even be an acceleration of regeneration. 

2. Level of Cut.—That the level of the cut has an important influence 
upon the rate of regeneration has been made out by a number of inves- 
tigators. Their work indicates that regenerations from deeper levels 
are on the whole more rapid than from more superficial ones. The pres- 
ent data confirm this conclusion and make possible a further analysis 
of the relation. They show that within wide limits the length regen- 
erated in the tail of an Amphibian larva is directly proportional to the 
length removed. Within these limits therefore the length regenerated 
per unit of removed, length is a constant. 

First and second regenerations of the tail in the tadpoles of Rana 
clamitans and first regenerations in the salamander, Amblystoma 
punctatum, give essentially the same results. Second regenerations 
of the frog will be taken as an example. The removed tail lengths were 
15,228; 4:9, 8.4,.13.1 and 18.1 mm. or respectively 6, 10, 18, 31, 
49 and 67% of the original tail lengths. The regenerated lengths for 
these six levels ten days after the operation were respectively 1.0, 1.3, 
1.4, 2.3, 3.7, and 5.1 mm., an increase for each increase in depth of 
the level of injury. 

The specific lengths or lengths regenerated per unit of removed 
length as calculated from thesé values are respectively 0.67, 0.46, 
0.29, 0.28, 0.28 and 0.28, a close approach to constancy for removed 
lengths of 4.9 to 18.1 mm. Figures 1 and 2 give graphic representa- 
tions of these results. 
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An analysis of the progress of regeneration from the time of the oper- 
ation to the completion of the process shows that the proportional in- 
crease In regenerated length with the increase in removed length and 
resultant constancy in specific regenerated length applies only to the 
material produced by active cell division. During the first four days 
in frog tadpoles, when the regenerating part is made up almost entirely 
of cells that have migrated from the old tissues without division, there 
is no such relation. The length of new material at this time is not 
strikingly different for the different levels and the process seems to be 
a local response of the cells to the injury. 
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FIG. 1. RANA CLAMITANS. SECOND REGENERATIONS. TEN DAYS 
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FIG. 2. RANA CLAMITANS. SPECIFIC REGENERATED LENGTHS. TEN DAYS 


A complication in the relation between regeneration and level of the 
cut is introduced by the fact that the regenerated tail is not as long as 
the original one. A certain per cent only of the removed length is re- 
placed, 40% or less for all except the levels near the tip. Also, the end 
of the process is reached sooner for the shorter than for the longer re- 
movals. From the deepest levels regeneration is still proceeding when 
it has stopped from the medium and shallowest ones. When all regen- 
erations are completed the specific lengths are therefore slightly greater 
for the longest removals than for the medium ones. 

As to the cause of the greater rates at the deeper levels little more 
can be said than that it does not seem to be due to inherent differences 
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in the cells at the different levels. If differentiation in the tail proceeded 
from the tip toward the base, the more rapid rates from the more basal 
levels might be explained by the more embryonic character of the cells 
at these levels. As the tip is approached the material would become 
more and more highly differentiated and therefore less and less capable 
of readjustment. There is however no evidence that differentiation 
proceeds in this way in this case. 

The progressive increase in rate with depth of level of the cut is un- 
doubtedly due to reactions which involve a more central control, a coér- 
dination of the functional activity as a whole. The period of cell mi- 
gration probably is only slightly subject to such control. It is a period 
in which the response is largely local in character. The rate of cell 
division which is the important factor during the period of rapid in- 
crease in length is however undoubtedly under central control. 
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FIG. 3. SPECIFIC RATES OF FIRST AND SECOND REGENERATIONS AT DIFFERENT TIMES 
AFTER THE OPERATION. RANA CLAMITANS TAIL REGENERATION. UPPER FIGURE = SEC- 
OND, LOWER FIGURE = FIRST REGENERATION. 


3. Time within the Regenerative Cycle-—The present analysis of change 
in rate of regeneration during the regenerative cycle was made in ex- 
tension of previous studies which showed that the increase in amount 
of material during regeneration follows the general rule of increase 
during an ordinary life cycle. The rate is slow at first, increases very 
rapidly to a maximum, then declines rapidly at first and then more 
and more slowly as zero is approached. 

The present study deals with tail regenerations in frog and salamander 
larvae. Large tadpoles of Rana clamitans which remained fairly con- 
stant in size during the course of the experiment were found to be the 
most satisfactory. They yielded results which were uniform enough 
for an analysis of the change in rate. The second regenerations are 
taken up here. The levels of removal averaged 1.5, 2.8, 4.9, 8.4, 
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13.1 and 18.1 mm. from the tip or respectively 6, 10, 18, 31, 49 and 
67% of the tail length. 

Since the specific regenerated length or length regenerated per unit 
of removed length is a fair constant for all levels between 4.9 and 18.1 
mm. the most reliable data on change in rate.are obtained by averaging 
the specific rates for all the individuals with these levels of injury. 
The average specific rates per day obtained in this manner are 0.010 
mm. for the 0-4 day period, 0.045 for the 4-6 day period, 0.042 for 6-8 
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FIG. 4. ACCELERATION OF SPECIFIC RATE. FIRST AND SECOND REGENERATIONS OF 
THE TAIL IN RANA CLAMITANS. UNBROKEN LINE = FIRST REGENERATION. BROKEN 
LINE = SECOND REGENERATION. 
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FIG. 5. PERCENTAGE INCREMENT PER DAY AT DIFFERENT PERIODS AFTER THE 
OPERATION. FIRST AND SECOND REGENERATIONS OF THE TAIL OF RANA CLAMITANS. 
UNBROKEN LINE = FIRST REGENERATION. BROKEN LINE = SECOND REGENERATION. 


days, 0.032 for 8-10 days, 0.025 for 10-12} days, 0.002 for 124-18 
days and 0.000 for 18-56 days (fig. 3). The specific rate reaches its 
maximum just before the end of the sixth day. 

The values for acceleration of specific rate are + 0.011 mm. from the 
0-4 to the 4-6 day period, 0.000 from the 4-6 to the 6-8 day period, 
—0.005 from the 6-8 to the 8-10 day period, —0.006 from the 8-10 
to the 10-124 day period, —0.004 from the 10-123 to the 124-18 day © 
period and 0.000 from the 125-18 to the 18-56 day period (fig. 4). 


ASTRONOMY: F. H. SEARES 217 


The only plus value comes between the first two periods and the lowest 
values are between the 8-10 and the 10-123 day periods. 

An examination of these values and a comparison with the facts of 
histogenesis shows that acceleration of rate is a plus quantity only dur- 
ing the period before active differentiation of the cells has begun. The 
retarding effect is evident with the beginning of apparent tissue differ- 
entiation and by the ninth to eleventh days the negative acceleration 
is at its height. | 

The percentage increments for the six periods represented are re- 
spectively 106, 28, 12,5,0 and 0 (fig.5). There is a very rapid decrease 
at first and then a slower and slower one as zero is approached. The 
data agree with those of ordinary growth. 

First regenerations of frog tadpoles gave results which were essen- 
tially similar to those for second regenerations. 

The data will appear in full in the University of Illinois Biological 
Monographs. 


PRELIMINARY NOTE ON THE DISTRIBUTION OF STARS WITH 
RESPECT TO THE GALACTIC PLANE 


By Frederick H. Seares 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. S. Hale, February 9, 1917 


A significant feature of the distribution of stars over the face of the 
sky is their concentration toward the plane of the Galaxy. Approach- 
ing the Milky Way from either side, we find that objects of all degrees 
of brightness become more and more numerous; with decreasing galac- 
tic latitude, the star-density regularly increases and attains a maxi- 
mum in the star clouds of the Milky Way itself, a fact long known and, 
as early as 1750, the basis of cosmological speculation by Thomas Wright 
of Durham.! The phenomenon was studied by both the Herschels, 
and more recently Seeliger, Celoria, Pickering, Kapteyn,? and Chap- 
man and Melotte,? among others, have given values of the stellar den- 
sity; and yet, from a numerical standpoint, the matter remains even 
now more or less an open question. 

Our knowledge of stellar distribution must include the total num- 
ber of stars per unit area at each galactic latitude, and, as well, of the 
number for each interval of magnitude from the brightest to the faint- 
est; moreover, the magnitudes themselves must be homogeneous and 
in accordance with a uniform scale. The Herschel counts, giving only 
totals to a certain limit near the 14th magnitude, do not satisfy these 
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conditions. Seeliger’s results, based mainly on the great Bonner Durch- 
musterung catalogues of nearly half a million stars, though affording 
results for graduated intervals of brightness, do not go below the 10th 
magnitude. Celoria’s counts include fainter objects, but, like those of 
the Herschels, are only totals for a certain range of magnitude. 

To revise these results and extend them to the stars within reach of 
modern telescopes, Kapteyn, in 1908, discussed all the reliable data 
then available. His magnitudes for the fainter stars are on the visual 
scale of Parkhurst,’ and to the 15th magnitude depend on photometric 
standards. Beyond this his tables of distribution are extrapolated, 
but the changes with increasing magnitude are so regular that his values 
should be reliable to a somewhat fainter limit, provided the photometric 
standards are not in error. 

The latest study of stellar distribution, depending largely on the 
excellent photographs secured on the initiative of Franklin-Adams, is 
also of special interest. Transferring the scale of the Harvard Polar 
Sequence to thirty of the Franklin-Adams regions by means of inter- 
comparison photographs, Chapman and Melotte derived values of 
the star-density for magnitudes 12 to 17. Other plates gave results 
for the brighter stars, which also are referred to the Harvard photo- 
graphic scale. 

A comparison with Kapteyn’s results reveals two important facts: 

(a) Kapteyn’s total of stars in the whole sky to specified limits of 
magnitude is systematically the larger. Approximately 50% greater 
from the 4th to the 10th magnitudes inclusive, it increases rapidly 
for fainter limits, and at the 17th magnitude is 7 times that of Chap- 
man and Melotte. 

(b) With increasing magnitude, the galactic condensation (ratio 
of star-density at galactic latitude 5° to that at 80°) increases: 


Limiting Magnitude..... 5 i 9 11 13 15 Ly. 
Kapteyn........ i here es Diels Zie25 2.82 4.3 7.9 17,5 44.8 
Chapman and Melotte... 2.06 2.26 2.69 one Shall 4.1 4.3 


To the 9th magnitude there is agreement, but beyond, Kapteyn’s 
values are greatly in excess. 

The difference noted in (a) is, in part, to be expected, for in one case 
the magnitudes are visual, in the other, photographic. The number of 
stars to a specified visual limit is necessarily greater than that to the 
same limit on the photographic scale, the excess depending on their 
color. To the 10th magnitude the two results thus agree well enough; 
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for but lower limits the differences suggest a divergence of the scales, 
or, perhaps, an increase in the average color of the stars. The faint 
stars are really redder, at least in certain regions; but, by itself, increased 
color is inadequate as an explanation. On the other hand, there is 
evidence that below the 10th magnitude Parkhurst’s photometric 
standards, upon which Kapteyn’s scale is based, are increasingly too 
bright. Kapteyn’s tabulated densities therefore properly apply to 
magnitudes which are fainter, by gradually increasing amounts, than 
those used as arguments for his tables. The probable amount of the 
scale divergence is sufficient to account for the relatively rapid increase 
of Kapteyn’s totals, which, in any case, must be associated mainly 
with the characteristics of the photometric standards; for the supposi- 
tion that Parkhurst’s scale is normal would imply that the fainter stars 
are very red, and Kapteyn’s large totals would then be referable to 
the high color thus presupposed. 

The differences in galactic condensation shown under (b) are more 
difficult to explain. Scale differences between galactic and non-galac- 
tic regions, and systematic errors in the counts depending on galactic 
latitude are factors which obviously might enter. Some information 
is given by the photographic magnitudes of stars in the Selected Areas 
now being determined at Mount Wilson.® Ultimately these will yield 
results for graduated intervals of magnitude, but at present only total 
densities to the limiting magnitude of the plates are available. 


ey B on x ta 

ae os 4 i 2a a a & 3% 

eee eo a ae ee | aE 
I 13,702 3.10 2. Dr 4.12 +0.74 16.2 4.17 —0.05 
II 125322 3.05 11 U8) 3.86 +0.57 16.3 3.86 0.00 
III 6,010 2.74 19 25 303 +0.37 16.2 3.58 | —0.05 
IV 2151 2.40 29 35 3.26 +0.29 16.1 3.99 —0.07 
V 1,743 2.20 39 45 SrlG +0.28 16.2 3.14 | —0.04 
VI 1,350 2.09 48 55 2.98 +0.13 16.35 2.97 |} +0.01 
VII 987 1.95 59 65 2.89 +0.08 16.6 2.82 | +0.07 
VIII 767 1.84 73 80 2.79 +0.04 16.9 2.665 | +0.125 


The counts, now complete for 88 areas, include nearly 40,000 stars. 
These have been divided into eight groups according to galactic latitude, 
as shown in the first four columns of the table. Variations in the limit- 
ing magnitude from plate to plate cause some uncertainty; but, since 
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each group includes eleven areas and the number in each area has been 
derived from the better of two photographs, the means per field cannot 
be seriously affected. The fields are small (one ninth of a square de- 
gree), but local variations of density have been well eliminated and the 
mean number of stars increases uniformly with decreasing galactic 
latitude. With the exception of Zones I and II which include the ir- 
regular cloud-forms of the Milky-Way, the deviations from the smooth 
curve of the plotted data are only 2 or 3%. 

For comparison with other results the logarithms of the numbers of 
stars have been reduced to the latitudes in the fifth column and referred 
to the square degree as unit. The resulting logarithms of the star- 
density (number of stars per square degree brighter than the limiting 
magnitude) are in the sixth column. 

The zero point corrections of the Mount Wilson results have not yet 
been found, but since Pickering has determined the visual intensity 
of the central star of each Selected Area, the approximate limiting 
magnitude is known. His data fix the zero point and indicate a mean 
apparent limit of 17.1, but, to obtain the real limit on the photographic 
scale, this must be increased by the average color index of the central 
stars. Adopting 0.6 as the average color, we have 17.7; the counts 
are not complete, however, for the last few tenths of a magnitude, and 
we accept provisionally 17.5 photographic as the limit of the Mount 
Wilson densities. 

Since the results of Chapman and Melotte do not extend below the 
17th magnitude, their data used for the comparison in the seventh 
column of the table are for this limit. The Mount Wilson densities, 
referring to 17.5, should be the larger by approximately 50%. At 80° 
the excess is only 10%, but increases rapidly toward the lower latitudes, 
and at 5° the Mount Wilson value is 5.5 times that of Chapman and 
Melotte. This divergence is remarkable and, in its implications, serious. 

In comparing Mount Wilson and Groningen results, Professor Kap- 
teyn has called my attention to the importance of using thesame limit- 
ing magnitude for both series of counts, in order to avoid the disturb- 
ing effect of the rapid change in galactic condensation with magnitude 
previously alluded to. The magnitude on the Groningen scale cor- 
responding to the Mount Wilson limit can be interpolated from Kapteyn’s 
tables with the Mount Wilson values of log N,, as argument. The 
results for each zone of latitude are in the eighth column of the above 
table. The agreement, excepting for the last two values is close and 
indicates a very satisfactory homogeneity in the counts. The mean 
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of 16.3 is accordingly the Groningen visual magnitude corresponding 
to the Mount Wilson limit, provisionally placed at 17.5 photographic. 
Of the difference between these quantities, perhaps half a magnitude 
is to be attributed to the color of the stars; the remaining 0.7 or 0.8 
mag. is the indicated error of the Groningen scale, and agrees with what 
was to have been anticipated from evidence relating to the photo- 
metric standards of Parkhurst. 

Interpolating now from Kapteyn’s tables for magnitude 16.3, we 
obtain the densities in the ninth column, and, finally the differences 
in the last column. These are in nowise affected by the outstanding 
errors in the scales, and, though systematic, are very small. The values 
of the galactic condensation for the limiting magnitude here considered 
are, respectively, Kapteyn, 32; Mount Wilson, 21.4. 

The relation of the Groningen and Mount Wilson scales has been 
derived on the assumption that equal densities correspond to the same 
limit of brightness. Were the scales of the same kind—both photo- 
graphic or both visual—the difference in the limits for equal densities 
would be their relative error; as it is, the numerical difference in the 
limits must be apportioned between scale error and the influence of the 
color of the stars. With the distribution suggested above, the influ- 
ence of relative scale error would cause Kapteyn’s total at the 16th 
or 17th magnitude for all the stars to exceed by two or three times that 
indicated by the Mount Wilson counts. His values for the totals are 
probably to be decreased, though not by the amount suggested by the 
figures of Chapman and Melotte. 

In estimating the significance of the small divergence shown by the 
last column of the table, which tests the relative homogeneity of the 
Groningen and Mount Wilson counts, the following should be noted: 
Kapteyn’s values are extrapolated a magnitude or more beyond the 
limit for which he had photometric standards; and, for many regions, 
he experienced much difficulty in determining the necessary magnitudes. 
Further, the Mount Wilson counts are determined by the limiting mag- 
nitudes of the photographs, and although well distributed in latitude, 
variations from zone to zone may affect the totals. The agreement in 
distribution—even in the values of the galactic condensation, which 
are unduly influenced by the large deviation near the pole—is there- 
fore very good. 

A comparison of Mount Wilson with Chapman and Melotte for cor- 
responding magnitudes might also have been made, but the conclu- 
sions which would have followed were obvious, for the large divergence 
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shown in the seventh column of the table is little affected by differ- 
ences in the limiting brightness. This divergence indicates that, as 
compared with both Kapteyn and Mount Wilson, their results are not 
homogeneous; and noting, further, that the numerous and careful 
guages of the Herschels which extend to the 14th magnitude give a galac- 
tic condensation agreeing closely with Kapteyn (Herschel 12.9, Kapteyn 
11, Chapman and Melotte 3.9), one gains the impression that, through 
some unknown cause, their counts in the richer fields fail to include 
many of the fainter stars. 


1Wright, T., Theory of the Universe, London, 1750. 

2 Kapteyn, J. C., Pub. Asir. Lab. at Groningen, Groningen, No. 18, 1908, (1-54). This 
memoir includes bibliographical references to earlier investigations. 

3’ Chapman, B. A. and Melotte, P. J., Mem. R. Asir. Soc., London, 60, 1914 (145-173). 

4Parkhurst, J. A., Researches in Stellar Photometry, Washington, Carnegie Inst., 
Pub., No. 33, 1906, (1-192). Similar results for the fields of several variable stars have ap- 
peared from time to time in the Astrophysical Journal. 

5 Seares, F. H., These PROCEEDINGS, 3, 1917, (188-191). 


A CORRECTION 


Professor Alexander McAdie has kindly drawn my attention to an error in 
dates occurring in my paper, Inferences Concerning Auroras, published in the 
Proceedings for January, 1917, pages 1-7. In reference to the “Aurora of 
April, 1883”, he has convinced me from his data that the particular event 
occurred on November 17, 1882. My mistake was due to faulty references, 
and in no way affects the general argument. 

ELIHU THOMSON. 
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RESEARCH COMMITTEES IN EDUCATIONAL INSTITUTIONS 


A very large proportion of the scientific research of the United States is 
conducted in the laboratories of educational institutions. It is now widely 
appreciated that contact with knowledge in the making is the most effective 
means of seizing and holding the student’s attention. And it is also recog- 
nized that no greater injury can be done to the cause of science than to com- 
pel a promising investigator, fresh from the researches of his graduate years, 
to relinquish all hopes of further studies because of the complete absorption 
of his time and energy by other duties. 

It is with the fullest appreciation of the difficulties which financial limita- 
tions involve, and with a sincere desire not to interfere with the just demands 
of the teacher’s profession, that the National Research Council invites the 
coéperation of educational institutions in the promotion of research at this 
critical period in our national progress. We believe it to be feasible, with- 
out decreasing the efficiency of the university, the college, or the professionai 
school as teaching institutions, to increase greatly their contributions to 
knowledge through research. Indeed, we do not hesitate to say that if a 
portion of the time now given to teaching were devoted to investigation, and 
if the courses of instruction were so altered as to take full advantage of this 
change, the educational efficiency of the institutions in question would be 
materially enhanced. In extending a request for the formation of Research 
Committees in educational institutions of high standards, which accord 
serious support to scientific research undertaken by the faculty and advanced 
students, we beg to call attention to some of the possibilities which lie open 
to committees of this character. 

In view of the importance of encouraging research on the part of members 
of the faculties of colleges which do not undertake graduate instruction, the 
invitation of the Council is not limited to universities and other institutions 
now giving specific recognition to research. It is highly important to encour- 
age competent men to continue the work of research begun in their univer- 
sity career, and a sympathetic Research Committee could help greatly in this 
respect. Even the existence of such a committee should serve as a valuable 
stimulus to men who properly look for some measure of encouragement. In 
small institutions, as an illustration cited below will indicate, powerful sup- 
port can be given to research by a body of men who genuinely appreciate 
its significance. 

Each Research Committee will doubtless discover its own best method of 
procedure, adapted to the circumstances of the case. The following sugges- 
tions, which embody the results of the discussions of the Council’s Com- 
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mittee on Research in Educational Institutions, may nevertheless be of serv- 
ice in organizing the work of the committees. 

(1) It will probably be advantageous to begin by preparing a survey of 
the research already in progress in the institution in question. This should 
serve to indicate the possibilities of extending existing work, and point out 
favorable opportunities for initiating new lines of investigation. 

(2) The Research Council will shortly undertake the preparation of a 
National Census of Research, indicating the equipment for research, the men 
engaged in it, and the lines of investigation pursued in government bureaus, 
educational institutions, research foundations, and industrial research lab- 
oratories. ‘The purpose of the Census is to provide data for the effective 
development of research in pure science and in the industries, as well as for 
strengthening the national defense. The various Research Committees in 
educational institutions can aid the Council materially in securing data for 
the Census, and in supplying information for annual surveys of the progress 
of scientific research in the United States. 

(3) One of the great problems of research laboratories is to find suitably 
trained men to carry on their work. Nearly all of these men come from 
educational institutions, where every available means should be used to in- 
crease the supply. If research is encouraged on the part of faculty members, 
and if its national importance is frequently impressed upon the students, 
more of them will be impelled to-follow the career of investigators. The 
tendency toward narrow specialization, so common at present, should be 
counteracted by developing more interest in science as a whole. Lectures 
on the history of science, and broad courses on evolution, covering its various 
aspects, from the constitution of matter and the evolution of stars and the 
earth, to the rise of man and the development of civilization, should be widely 
encouraged. From the purely educational viewpoint such courses may be 
expected to produce a more favorable influence and leave a more lasting 
impression than routine discussions of the minutiae of the various branches 
of science, though the latter are obviously essential in the training of the 
investigator. 

(4) The Council wishes to develop a wider appreciation of the part which 
men of science may play in researches bearing both on industrial progress and 
national defense, including those of ship design, aeronautics, the fixation of 
nitrogen, and many other subjects. Various committees of the Council will 
soon be prepared to furnish information regarding such research problems. 

(5) The development of more general codperation and co6drdination in 
research, within each educational institution and in alliance with other workers 
outside, is another important subject for consideration. It is essential to 
remember, however, the necessity of safeguarding the personal freedom and 
the individual initiative of all investigators. 

(6) The interchange of research workers, especially to secure for the smaller 
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institutions the stimulus given by leaders of research, should be strongly 
encouraged. 

(7) The establishment of a large number of research fellowships, each 
yielding one thousand dollars or more annually, is very desirable. If stu- 
dents showing special aptitude in their work for the doctor’s degree could 
thus be enabled to devote themselves to research for a year or more, their 
future career as investigators might be assured. Research fellowships may 
be conferred by colleges on graduates who have taken their doctor’s degree 
elsewhere, or used to secure the services of non-graduates in research 
laboratories. 

(8) The time is also opportune to secure the establishment of research 
professorships and research endowments. The present appreciation of the 
national importance of research, and the increasing sense of personal obliga- 
tion to the state, will cause men of means to contribute more freely than ever 
before. 

(9) Most important of all is the encouragement of the spirit of research, 
and the development of a sympathetic atmosphere in which the meas 
can work to the best possible advantage. 

Large institutions should easily be able to extend their research activities, 
but smaller ones may encounter greater difficulties. As a practical example 
of what can be done by small institutions in the promotion of the objects of 
the National Research Council, some results accomplished since June by 
Throop College of Technology, at the direct instigation of the Council, may 
be cited. The steps it has taken in connection with the work of the Council 
are as follows: 

Passage by the board of trustees of a resolution endorsing the objects of 
the Research Council and promising codperation and of a second resolution 
providing that in the event of war with a first-class power all available research 
men and facilities required for the solution of problems of national defense 
or public need may be counted upon by the Research Council. 

Provision of a new fund of two hundred thousand dollars as an endowment 
for research in physics. 

Appointment of Dr. Robert A. Millikan as Director of the Physical Labo- 
ratory (under an arrangement with the University of Chicago by which he 
is to spend a part of each year in Pasadena). | 

Organization of a codperative attack on electron problems from the physi- 
cal, chemical, and astronomical standpoints, in which the physical and chem- 
ical laboratories of Throop. College and the Mount Wilson Solar Observatory 
will take part. 

Provision of three research fellowships, yielding one thousand dollars each 
annually, to be awarded to men who have shown exceptional ability in their 
research work for the doctor’s degree. (Beloit College has also established, 
for a period of five years, a research fellowship yielding one thousand dollars. 
annually.) 
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Provision of a wind tunnel and well equipped aerodynamical laboratory 
for researches on the structure of aeroplanes. 

Participation in a codperative arrangement permitting the repetition at 
Throop College of Professor Michelson’s experiment on the tides within the 
body of the earth, to determine the possible influence of oceanic tides, and 
to serve as a part of the general study of Pacific Ocean problems undertaken 
by a committee of the National Academy of Sciences. 


CENTRAL COMMITTEES ON RESEARCH 


The National Research Council, with the codperation of the American As- 
sociation for the Advancement of Science, the American Chemical Society, 
the American Physical Society, the American Mathematical Society, and 
other national scientific societies, has established a series of central committees 
to organize research in the various branches of science. 

The purpose of these committees may be outlined as follows: 

(1) To join in the preparation of the National Census of Research. This 
will be taken by the Census Committee of the Research Council, of which the 
Chairmen of the various central committees are members. 

(2) To prepare reports embodying comprehensive surveys of the larger 
possibilities of research in the various departments of pure science, suggest- 
ing important problems and favorable opportunities for investigation. 

(3) To survey the economic and industrial problems of the United States, 
and report on possible means of aiding in their solution by the promotion of 
research in the fields represented by the various committees. (In codpera- 
tion with the Council’s Committee on the Promotion of Industrial Research.) 

(4) To indicate how investigators in each committee’s field can aid in the 
solution of research problems involved in strengthening the national defense. 
(In codperation with the Military Committee of the National Research 
Council.) 

(5) To point out opportunities, national and international, for codperation 
in research, and to assist in the codrdination of the various agencies already 
established for this purpose. 

(6) To keep in touch with the Research Committees of educational insti- 
tutions, and to supply research problems, suggestions, or thesis subjects when 

requested to do so. 
(7) To serve as a national clearing house of information regarding research 
problems in each committee’s field which arise from scientific, industrial, 
and other sources, and are communicated to the Council by local Research 
Committees or other agencies. 

(8) To promote research by such other methods as may prove advisable, 
including the encouragement of such courses of instruction in educational 
institutions as are best adapted to develop greater breadth of view, a wider 
understanding of the methods of research, and a more general perception of 
the national importance of all forms of research, both in pure and applied 
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science; the more effective use of existing research funds; the establishment of 
research fellowships, research professorships, and research endowments. 

All reports of the National Research Council and of its committees are 
published in full in these PRocrEpINGS, through which members of the 
separate committees may keep in touch with the work in progress in all its 


various fields. 
GEORGE ELLERY HALE, Chairman. 
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REPORTS OF MEETINGS OF THE EXECUTIVE COMMITTEE 


The seventh meeting of the Executive Committee of the Research Council 
was held at the office of the Council, New York City, on December 18, 1916. 
Messrs. Carty, Chittenden, Conklin, Dunn, Noyes, Pupin, Stratton, Vaughan, 
Welch, and the Secretary were present; also Mr. M. T. Bogert, Chairman 
of the Chemistry Committee. 

The Secretary reported that the President of the Academy had appointed 
Howard E. Coffin, William M. Davis, and Franklin H. Martin, members of 
the Council; and that the Chairman of the Council had appointed R. H. 
Chittenden and R. A. Millikan members of the Executive Committee. 

A communication from the Chairman of the Council was presented stat- 
ing that the Massachusetts Institute of Technology, Yale University, the 
University of Chicago, Northwestern University, and Throop College of 
Technology, had appointed Research Committees, constituted as follows: 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Richard C. Maclaurin, president; John R. Freeman, Francis R. Hart, Everett Morss, 
A. D. Little, C. T. Main and Jasper Whiting, from the Corporation; Charles R. Cross, Harry 
M. Goodwin, Arthur E. Kennelly, Warren K. Lewis, Waldemar Lindgren, Arthur A. Noyes, 
Joseph C. Riley, George C. Whipple, and Edwin B. Wilson, from the Faculty; and George E. 
Hale and Willis R. Whitney, from the Alumni. 


YALE UNIVERSITY 


Arthur T. Hadley, president; Harry G. Day and John V. Farwell, from the Corporation; 
Ernest W. Brown, Russell H. Chittenden, Treat B. Johnson, James F. McClelland, Ernest 
F. Nichols, and C. E. A. Winslow, from the Faculties; and Edwin M. Herr and William W. 
Nichols, from the Alumni. 


UNIVERSITY OF CHICAGO 


Harry Pratt Judson, president; Harold H. Swift, Julius Rosenwald, and Martin A. Ryer- 
son, from the Board of Trustees; R. R. Bensley, Thomas C. Chamberlain, John M. Coulter, 
Albert A. Michelson, Robert A. Millikan, Eliakim H. Moore, and Julius Stieglitz, from the 
Faculty; and Raymond Bacon and Frank B. Jewett, from the Alumni. 
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NORTHWESTERN UNIVERSITY 


James A. Patten, William S. Mason, Irwin Rew, and Theodore W. Robinson, from the 
Board of Trustees; Henry Crew (chairman), D. R. Curtiss, Phillip Fox, U. S. Grant, William 
A. Locy, A. B. Kanavel, A. I. Kendall, John H. Long, S. W. Ranson, John H. Wigmore, 
O. H. Basquin, Thomas L. Gilmer, and Arthur D. Black, from the Faculties; and Charles 
H. Mayo and W. C. Danforth, from the Alumni. 


THROOP COLLEGE OF TECHNOLOGY 


James A. B. Scherer, president; Arthur H. Fleming, George E. Hale, and Henry M. Robin- 
son, from the Board of Trustees; Walter H. Adams, George A. Damon, Robert A. Millikan, 
Arthur A. Noyes, R. W. Sorensen, Franklin Thomas, and Harry C. Van Buskirk, from the 
Faculty; and Joseph Grinnell and Frank B. Jewett, from the Alumni. 


It was voted to approve the organization of subcommittees in Chemistry 
as recommended by the Chemistry Committee, and to empower that com- 
mittee and the other science committees to establish and appoint subcom- 
mittees, at their discretion. 


The eighth meeting of the Executive Committee was held in New York 
City on December 27, 1916. Messrs. Carty, Conklin, Dunn, Noyes, Pearl, 
Vaughan, and Welch, and the Secretary were present. 

It was reported by Mr. Noyes that the Committee of One Hundred on 
Scientific Research of the American Association for the Advancement of 
Science had adopted on December 26 the following resolutions: 


VoTED that the Committee of One Hundred on Scientific Research of the American Asso- 
ciation for the Advancement of Science codperate with the National Research Council in 
those research movements in which both organizations are interested; and, especially, in 
order to avoid the duplication of effort that might arise from individual action of the two 
groups of committees which have already been appointed in the different sciences, that the 
Committee of One Hundred of the Association codperate with the National Academy of 
Sciences and the national scientific societies in the formation of single committees in the 
various branches of science. 

VoTED that, in order to effect the codperation provided for by the previous vote, the Com- 
mittee of One Hundred on Research designate, through its chairman, members of the Asso- 
ciation to serve as members of the research committees of the National Research Council 
devoted to the various branches of science, with the understanding that these committees 
will in general consist of members designated in equal or approximately equal number by 
the Association, the National Academy of Sciences, and the national scientific society repre- 
senting the branch of science involved. 


It was noted that, in response to the request of the National Canners Asso- 
ciation, the names of scientific men be suggested to the Association, who 
might be appointed by it as an advisory committee with reference to the 
investigations to be carried out on the toxic relations of canned foods. 

It was voted that the Agriculture Committee be constituted as recom- 
mended by the Chairman of the Committee, subject to the approval of the 
Secretary of Agriculture in the case of those who are connected with the 
Department of Agriculture. 
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It was reported that the Alumni Council of the Massachusetts Institute 
of Technology had appointed a Committee for the Mobilization of Technology 
Resources, for the purposes of “‘stimulating research at the Institute, tabu- 
lating the various researches that have been or are being conducted by alumni, 
and suggesting, both to the alumni for their consideration and to the faculty 
as subjects for graduating theses, lines for experiment and research which 
should be of the greatest immediate value.” In addition to these research 
functions, this committee is to promote the participation of the alumni in 
movements relating to the national defense and the industrial development 
of the country. The committee has twenty-seven members, including an 
executive committee of five, consisting of I. W. Litchfield, Merton L. Emer- 
son, James P. Munroe, Raymond B. Price, and Charles A. Stone. The Exec- 
utive Committee of the Research Council had adopted at a previous meeting 
the following resolution expressing appreciation and willingness to codperate 
with the Alumni Council: 


VoTED that the National Research Council express its appreciation of the proposed plan 
of the Alumni Council of the Massachusetts Institute of Technology for stimulating interest 
in research among its alumni‘and promoting the further introduction of scientific investi- 
gation in the industries with which they may be connected, and its willingness to codperate 
with the Alumni Council in any way that may prove desirable and practicable. 


The ninth meeting of the Executive Committee was held at the Smithsonian 
Institution in Washington on January 6, 1917. Messrs. Carty, Dunn, Noyes, 
Stratton, Walcott, Welch, and the Secretary were present; also, by invitation 
during the latter part of the meeting, Mr. H. E. Coffin and all the military 
members of the Research Council, namely, Messrs. William Crozier, J. D. 
Gatewood, W. C. Gorgas, R. S. Griffin, G. O. Squier, and D. W. Taylor. 

The Secretary presented a resolution adopted by the Associated Business 
Papers, Inc., endorsing the work of the Research Council and promising as- 
sistance in giving to its work proper publicity in the trade journals of the 
country. 

It was voted to appoint J. M. Clarke chairman of the Geology Committee, 
W. H. Holmes chairman of the Anthropology Committee, and E. H. Moore 
chairman of the Mathematics Committee. 

It was voted that the Military Section of the Council be hereafter known 
as the Military Committee its functions being further defined, when appro- 
ptiate, by adding the clause “‘For Governmental Research Requirements,” 
and that the committee consist of the six official representatives of the Army 
and Navy, of the other government appointees residing in Washington, of 
' Mr. H. E. Coffin member of the Research Council and of the Advisory Com- 
mission of the Council on National Defense, and of such other persons as may 
be added by the Military Committee or the Executive Committee. C. D. 
Walcott, Secretary of the Smithsonian Institution, was elected chairman of 
the Military Committee; and (at a subsequent meeting of that committee) 
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S. W. Stratton, Director of the Bureau of Standards, was elected its secre- 
tary. It was voted that an appropriation of twelve hundred dollars, payable 
in monthly installments, be made for the use of the Military Committee for 
clerical work and other expenses, including the salary of a clerical secretary. 


Cary T. HutTcuHInson, Secretary. 
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A RE-DETERMINATION OF THE VALUE OF THE ELECTRON 
AND OF RELATED CONSTANTS 


By R. A. Millikan 


RYERSON PHYSICAL LABORATORY, UNIVERSITY OF CHICAGO 
Communicated, February 5, 1917 


This re-determination of the most fundamental of physical constants 
was entered upon three years ago for three reasons. 

First, in 1913 results began to be published from Vienna, which though 
obtained by a modification of my method,? were wholly irreconcilable 
with those which I had found; and I accordingly wished to see whether 
I could find conditions under which the method failed. 

Second, there developed a tendency, especially among British physi- 
cists, to adopt a value of e about 2% lower than that which I had ob- 
tained, and as this difference was much greater than the necessary error 
in my method I was anxious to see, by entirely new work, whether a 
numerical error could have crept into the former determination. 

Third, the electron has recently taken on added importance because 
it has been found to carry with it not merely all molecular and atomic 
magnitudes, as heretofore, but also all of the most significant of the 
radiation constants, such as Planck’s h, the Stefan-Boltzmann constant 
o, the Wien constant C2, all X-ray constants, i.e., the wave lengths of 
characteristic X-rays, etc.2 It seemed worth while therefore to drive 
my method, which is certainly exceedingly exact if its validity is granted, 
to the utmost limit of its possible precision. . 

The method is the same as that used in the preceding determination,‘ 
but the apparatus is new throughout and every constant entering into 
the value of e has been redetermined with increased care and precision. 
The condenser plates MN (fig. 1) consist of two optically flat brass 
surfaces 22 cm. in diameter, held apart by three small pieces of echelon 
plates about 1 cm. square and 14.9174 mm. thick placed at points 60° 
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apart about the circumference. The dimensions of the condenser 
therefore now introduce an error of no more than 1 partin 10,000. The 
oil droplets from the atomizer A blown by a puff of air through 7 entered 
the condenser MN through 5 minute holes 0.25 mm. in diameter in the 
middle of the upper plate and were observed by means of light from 
the arc a, filtered through a trough of water w and one of cupric chlo- 
ride d for the removal of heat rays. The temperature was held con- 
stant to within one or two hundredths of a degree by the oil-bath G. 
The charge on the drop p was changed by X-rays from the bulb X pass- 
ing through the window g. The pressure was varied from 13 cm. to 76 


FIG. 1. 


cm. and was measured to 0.1 mm. by the manometer m. The ato- 
mizer A, fed from s with the highest grade of watch-oil, density at 23°C. 
redetermined as 0.9199, was blown with carefully dried and cleaned 
air let in through the cock 7, the bulbs below A being to catch excess 
oil. The observing optical system was a specially constructed tele- 
scope of 30 mm. objective and a magnification of 25 diameters. The 
distance through which the drops were timed (cross hair distance) was 
1.0220 cm. correct to 1 part in 2000. The velocities of the drops were 
measured with a most convenient and reliable printing chronograph 
made by Wm. Gaertner & Company of 5545 Lake Avenue, Chicago, 
_and kindly loaned to the laboratory for this determination. It prints 
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directly the time of pushing a key, in terms of the indications of a 
standard clock, with an error which is never more than 1/100 second. 
The times of fall and rise were from 14 to 60 seconds. This makes the 
error in the mean of a series of time determinations a wholly negligible 
quantity. The electric field strengths were measured to 1 part in 3000, 
by a 750 volt Weston standard laboratory voltmeter calibrated at fre- 
quent intervals during the experiment against 3 standard Weston cells. 
The coefficient of viscosity of air was redetermined with extraordinary 
precision by Dr. E. L. Harrington who, using the constant deflection 
apparatus designed by Dr. Gilchrist and myself, succeeded in introducing 
such improvements in conditions and perfections in detail as to make 
his final value altogether unique in its reliability and precision.> In 
view of this and other work now in progress with the same apparatus it 
is hardly possible that the correct value of 7 for dry air at 23°C. can be 
more than 1 part in 2000 removed from the value 0.00018227. This 
is within less than 0.1% of my former value, viz., 0.0001824.6 All the 
other elements of the problem have been looked to with a care which 
is the outgrowth of six years of experience with measurements of this 
kind. 

That portion of the investigation which has had to do with the test- 
ing of the general validity of the method has been reported in detail © 
elsewhere.’ Suffice it to say here that I find no indications whatever 
that, when properly used, it ever fails, or that it ever even remotely 
suggests the existence of a subelectron. 

The precision of the method is sufficiently attested by the consistency 
of the results on different drops, provided no constant error inheres in 
the measurement of the dimensions of the condenser, the volts, the time, 
or the viscosity of air. The extent of this consistency is shown in the 
figure and the table which present the observations on 25 consecutive 
drops taken with all possible precautions during a period of several 
months. The data on these drops are treated precisely in the manner 
adopted in the 1913 article. A more detailed presentation of this work 
will be published elsewhere. It will be seen from the table that the final 
mean value of e’ is 61.126 < 10-8. There is but one drop in the table 
which yields a value of e§ differing from this by as much as one-third of 
one per cent and the probable error of the mean computed by least squares 
1s one part in 4000. This value is 0.07% higher than the value 61.086, 
which I published in 1913. Both values however are computed in terms 
of 0.0001824 as the coefficient of viscosity of air. The new value 
0.00018227 is more reliable than the old and‘is 0.07% lower so that 
the new value of e computed solely from the new data obtained in this re- 
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determination is exactly the same as the value published in 1913. The 
uncertainty in this value should now be no more than 1 part in 1000 
for it now contains but two factors which are uncertain by as much as 
1 part in 2000, namely the coefficient of viscosity of air and the dis- 
tance of fall of the drops (cross hair distance). The result of this final 
work on e may then be stated thus: 


e = 4.774 X 107!° = 0.005. 


The values of the most important radiation constants may be found 
from the value of e as follows: 


TABLE 
NO = 2/3 108 | 2/3 x 108 || No -. 2/3 x 108 | &/* x 108 
1 57.45 63.21 61.03 14 206.4 68.90 61.11 
2 S75 63.204 61.03 15 200.7 68 .97 61.39 
3 63.0 63.54 61.16 16 227.8 69.88 61.27 
4 86.7 64.27 60.97 17 262.4 70.85 60.94 
5 90.6 64.63 61.21 18 281.4 71.60 60.98 
6 101.3 65.02 61.19 19 321.4 73.34 61.20 
7 102.4 65.07 61.20 20 345.4 VAT 61.22 
8 106.3 65.13 61.11 Da 359.1 74.54 60.97 
9 109.7 65.19 61.05 22 371.5 75.00 60.97 
10 107.3 65.21 61.16 23 380.6 75.62 61.24 
11 150.6 66.70 61.01 24. 388.5 75.92 61.24 
12 160.1 67.12 61.07 25 438 .3 TAA 61.18 
13 155.6 67.14 61.26 
Mean—61.126. 


Bohr’s theory’ gives the constant of the Balmer series in hydrogen as 


21? etm Qn? e& 
7 or ae (1) 

hi — 
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I have directly determined / photoelectrically® with an error of no 
more than 0.5%, the value from my sodium curve coming out 6.56 X 
10-*7. Webster’s!® value found by the method discovered by Duane 
and Hunt! is 6.53 x 10-27. From the mean of these two recent de- 
terminations of h, the foregoing value of e, and e/m = 1.767 X 107, the 
Rydberg constant is found by (1) to be 3.294 x 105. Its experimental 
value known with the great precision attained in all wave length meas- 
urements is 3.290 X 101%. This agreement constitutes most extraordi- 
nary justification of Bohr’s equation and warrants the use of this spec- 
troscopic data, combined with the foregoing data on e for a most exact 
evaluation of #: The value thus obtained is 


h = 6.547 X 1077 + 0.011. 
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This value should involve an uncertainty of but 1 part in 600. It will 
be seen to agree within 1 part in 500 with the value obtained directly 
from my sodium curve—a value which I estimated correct to only 1 
part in 200. 

Again the Wien constant C;, of spectral radiation is given by !” 


4 10327 x2. 9990 
Co = ide = illu aS ESI = 1.4312 + .0030 cm. degrees. 


k L312 <p Oage 
The estimated uncertainty is obtained from an uncertainty of 1 part 
in 600 for # and 1 part in 1000 or k. The latest Reichsanstalt value!® 
is C, = 1.4300, while Coblentz!4 obtains from two different modes of 
approach Cz = 1.4322 and 1.4369. Again from Planck’s equations 
C, = (48 rok/a)y and o = ac/4 and the foregoing values of k and Cz 
computed from e we obtain 


¢ = 5./2 X 10-* = 0.034 watt cm. deg.“, 


which is exactly the result recently found by Coblentz.4 

A summary of the most important constants the values of which are 
fixed by the foregoing determination of e is given below with the uncer- 
tainty attaching to each. 


Whe MleCteon ss. ke. Nias ketene at cle eee Ae a e = 4.774 + 0.005 X 10-9 
‘The Avogadro’ Constant.</3-4:25 5.0) eee oe N = 6.062 = 0.006 XK 107 
Number of gas molecules per cc. at O°C 76cm........ 2.705 = 0.003 X 1019 
Kinetic energy of translation of a molecule at 0°C....Ho = 5.621 + 0.006 X 10-* 


SS 
I 


Change of translational molecular energy per °C..... € = 2.058 + 0.002 X 10—%6 
Mass of an‘atomrof hydromeny./55 j25 sane m = 1.662 + 0.002 X 10- 
Planck’s element; ol: actionuw. 404.50). 4ade eee h = 6.547 = 0.013 Kar" 
Wien constant of spectral radiation...............C2 = 1.4312 + 0.0030 
Stefan-Boltzmann constant of total radiation....... o = 5./2 = 0.034 K 10° 
Grating spacingan calcitet acne cane eee = 3.030 = 0.001 A 


1 Ehrenhaft, F., Ann. Physik, Leipzig, 44, 1914, (657); 46, 1915, (261); also Physik. Zs. 
Leipzig, 16, 1915, (10). 

2 Millikan, R. A., Physic. Rev., Ithaca, 32, 1911, (349-397); (Ser. 2), 2, 1913, (109-143). 

3 Millikan, R. A., [bid., (Ser. 2), 7, 1916, (353-388); and Webster, D. B., (607). 

4 Millikan, R. A., Ibid., (Ser. 2), 2, 1913, (109-143). 

6 Harrington, E. L., Ibzd., (Ser. 2), December, 1916. 

6 Millikan, R. A., Ann. Physik., Leipzig, 41, 1913, (759). 

7 Millikan, R. A., Physic. Rev., Ithaca, December, 1916. 

8 Millikan, R. A., [bid., (Ser. 2), 7, 1916, (374). 

® Bohr, N., Phil. Mag., London, 26, 1913, (1). 

10 Webster, Physic. Rev., Ithaca, (Ser. 2), 1916, (599). 

11 Duane, and Hunt, Jbid., 6, 1915, (166). 

12 Millikan, R. A., [bid., 2, 1913, (142). 

13 Mueller, Warburg, et al., Ann. Physik., Leipzig, 48, 1915, (430). 
14 Coblentz, Physic. Rev., Ithaca, (Ser. 2), 7, 1916, (694). 
18 Webster, D. B., Ibid., 7, 1916, (607). 
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BODY PIGMENTATION AND EGG PRODUCTION IN THE FOWL 
‘By J. Arthur Harris, A. F. Blakeslee, and D. E. Warner 


STATION FOR EXPERIMENTAL EVOLUTION, COLD SPRING HARBOR, NEW YORK 
Communicated by C. B. Davenport, January 10, 1917 


The recognition by both plant and animal breeders of the great 
economic value of any character by which superior individuals might 
be indirectly selected has been father to a widespread conviction that 
such characters actually exist. 

In the main, beliefs concerning distinctive structural ecularitics of 
the heavier yielding cereals, the bodily dimensions or proportions of 
the best dairy animals, and the criteria by which the most prolific 
layers may be selected from the flock without recourse to trap nesting, 
rest solely on personal experience and judgment, instead of upon meas- 
urements and correlations. They have, therefore, little scientific value. 

The quantitative work which has been done on both animals and 
plants indicates that for the most part there is little prospect of the 
selection of the economically important characters of yield in plants, 
milk production in cattle or fecundity in poultry on the basis of struc- 
tural characters unimportant as such but correlated with economically 
important physiological characters. 

In certain cases, the relationship between two physiological charac- 
ters, one with and the other without economic value, may be much 
more intimate. The measurements of the correlations may then be 
not merely of theoretical interest to the physiologist but of very real 
economic significance. 

The relationship between the intensity of yellow somatic pigmenta- 
tion and egg production in antecedent periods of time may serve as an 
illustration of such characters. 

Working on two years data covering trap nesting records for 309 
and 375 White Leghorn birds respectively, we find the following results 
for the correlation between the percentage of yellow pigment in the ear 
lobe! and total egg production for the preceding year?: 


For 1913-1914, 74, = —0.5816 + 0.0253 
For 1914-1915, ry, = —0.5271 + 0.0252 
Difference . 0.0545 + 0.0358 


Within the limits of the probable errors of random sampling, the results 
for the two years may be considered identical. 

Expressing the relationship in terms of straight line prediction equa- 
tions, represented graphically in Figure 1, we find:— 
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For 1913-1914, EF = 204.754 — 1.459 y, 
For 1914-1915, EF = 212.058 — 1.416 y, 


where £ = total eggs laid per year and y = per cent yellow in ear 
lobes. Since yellow has been recorded in units of 5% range, the actual 
difference in egg production associated with a difference of one work- 
ing unit in pigmentation is about seven eggs. 


Il 
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The practical significance of the differences in egg production indi- 
cated by this equation may be most readily seen from a little table 
showing the actual mean annual egg production of the birds grouped in 
classes of 15% range in ear lobe pigmentation. 


1913-1914 1914-1915 
PER CENT YELLOW 
eee Number of birds Mean Las of Number of birds Mean mNumeric 
10-20 83 187.0 81 185.1 
25-35 67 148 .2 a2 C7252 
40-50 111 136.7 119 148 .4 
55-65 46 132.1 90 126.9 
70-80 2 76.5 13 111.5 


It is clear that by selecting, in October, birds with 10 to 20% yellow 
it is possible to obtain a group which have averaged over 30 eggs more 
than the flock as a whole and over 50 eggs above the average of the 
class with 55 to 65% yellow. These differences are not merely very 
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great indeed, but the number of birds included in the heavy laying 
class is sufficiently large for practical selection operations. 

The correlations for October pigmentation and egg production for 
the individual months, represented in Figure 2, are without excep- 
tion negative in sign. The agreement between the results for the two 
years is very close indeed.*® 


CORRELATIONS FOR OCTOBER 
PERCENT. YELLOW - 
AND 
MONTHLY EGG PRODUCTION 


@—e= 1913-1914 
O—O= 1914-1915 


FIG. 2. 


Thus there is not merely a strong negative correlation between the 
October ear lobe pigmentation and the egg production of the year as a 
whole, but there is a negative correlation between October ear lobe pig- 
mentation and the egg records of each of the preceding twelve months. 

The simplest physiological hypothesis to explain the demonstrated 
negative correlation between egg production and intensity of pigmen- 
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tation is that the egg yolk in its growth abstracts fat-soluble pigment 
from the food, thus precluding its localization in the body tissues, or 
that it actually withdraws the pigment from the tissues. 

This view is supported by a number of lines of evidence. First, the 
correlation between October pigmentation and the egg production of 
the preceding months decreases (but, as is shown in Figure 2, not 
regularly) as the time at which egg production is measured becomes 
more distant from that at which the measurement of pigmentation was 
taken. 

Again, in comparing pigmentation as measured in October of the 
second year with egg production in November of the pullet year, it is 
found that pigmentation decreases but slightly and irregularly, though 
apparently in a linear manner, with increasing egg production. In 
comparing October pigmentation with Octo- 
ber egg production of the same (second) year, 
one notes that pigmentation decreases very 
rapidly as one passes from birds which have 
laid no eggs to those which have laid 1, 2, 3 
or more eggs, but that this decrease soon falls 
off so that birds which have laid over 6 or 7 
eggs are apparently sensibly alike in the 
amount of yellow which they exhibit.4 

The same point may be brought out if a 
series of measurements be arranged to show 
the percentage of birds of various pigmenta- 
—wi ll eto noe tion classes which are ‘laying’ or ‘not lay- 

ara fear ing’ at the time the color determinations were 

FIG. 3. oe 

made.’ As shown in Figure 3 the percentage 

of the birds which are laying falls precipitously from 87.8% among those 

showing only 6 to 10% yellow (centered at 8% yellow) to practically 

zero for all grades of yellow above 30%. The average number of days 

since laying represented by the heavy line in Figure 3, is also a val- 

uable indication of the direct relationship between egg production and 

pigmentation. Beginning with an average of only 0.4 day since lay- 

ing in the 6 to 10% color class, the average length of time since laying 

increases rapidly from birds with smaller to those with larger amounts 
of yellow pigment. 

Finally, the problem may be approached statistically as follows: 

If the relationship between percentage of yellow and egg production 
be chiefly of a physiological nature, it is quite conceivable that the 
correlations between the October percentage of yellow and egg produc- 
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tion during the earlier months of the experiment may be largely the re- 

sultant of other interrelationships. Consider this possibility in detail. 
ie et Tye, Tye.) Tye » - » Tye, be the correlations between percent yel- 
low in the twelfth month of the contest and egg production in the first, 
second, third . . . twelfth months respectively. Further let 7 


if 
121?“ ©3989 


Hele wala Fol} be the correlations between October and November, Octo- 
ber and December, October and January . . . October and September 
egg productions. These constants have been shown to be positive 
throughout, indicating that birds excelling in egg production in October 
gave on an average higher productions in every other month of the year. 

The application of the well known partial correlation formula for 
one variable, ¢1., constant results in very material reductions in the 
values Of Tye, Tye, Tye - + +» Tye, Thus the values of Tye 


rye must be in large part the resultants of re ¢ and Tye 


1 121 12? 


©) Tye, Tye.) 


Tee, and Tye, 
Yee, AN Tye, . . « Fee, ANd Fye,,. 
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A discussion of the biological and biochemical literature, and a de- 
tailed statistical treatment of the data are appearing in Genetics, 1917. 


1 Far lobe color has been measured in units of 5% range By: means of the color top. Only 
yellow and white sectors were used. 

2 All birds entered the international Egg Laying Competition at Storrs, Connecticut, 
in November of their pullet year, and remained until the end of October of the following 
year. Pigment determinations were made near the end of October. 

3 When the constants for the comparable months in the two years are considered in 
comparison with their probable errors, there is not a single difference which can be considered 
significant. 

4 The biological inference to be drawn from this result would seem to be that the egg 
production of a recent period influences very profoundly the concentration of yellow pig- 
ment, so that there is a very rapid decrease in yellow pigment for each additional egg laid 
up to a certain point, beyond which the body pigment is relatively little reduced by extra 
egg production. ‘Thus for October, the change in pigmentation is to be described by a curve, 
not by the slope of a straight line. The change in pigmentation is not proportional to egg 
production, but at first is very rapid and then falls off. 

5 In collecting these data a bird which laid on the day the pigment determination was 
made or on a later day within the month was considered to be laying, and was recorded in the 
zero Class, 7. €., no days since laying. If she laid on the day before the record was taken 
but not later she is recorded as one day since laying, and so on. 


VARIABILITY OF GERM CELLS OF SEA URCHINS 
By A. J. Goldfarb 


COLLEGE OF THE CITY OF NEW YORK, AND DEPARTMENT OF MARINE BIOLOGY, CARNEGIE 
INSTITUTE OF WASHINGTON 


Communicated by A. G. Mayer, February 6, 1917 


As a basis for an understanding of the changes in aging germ cells, 
it was necessary first to ascertain the normal variability, i.e., the varia- 


x 
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bility of eggs and sperm removed immediately after receiving the freshly 
collected sea urchins. For this purpose three different species of sea 
urchin were studied, namely, Toxopneustes and Hipponoé, of the shal- 
low tropical waters of the Dry Tortugas, Florida, and Arbacia of the 
deeper colder waters of Woods Hole, Mass. 

To obtain optimum conditions as nearly uniform as possible, pre- 
liminary experiments were made with each species. These experi- 
ments established the optimum concentration of fresh eggs and of fresh 
sperm for a given surface and volume of filtered sea water. For ex- 
ample about 800 eggs in 10 cc. of sea water, in Syracuse dishes, with 
0.05% sperm, with care exercised to avoid evaporation, gave optimum 
results with Toxopneustes and Arbacia. For Hipponoé the same condi- 
tions sufficed except that much greater concentration of sperm was 
needed. 

Having ascertained the optimum and constant conditions it was found 
that the remaining variability was in large measure a function of the 
particular male and female used. If cleavage be used as a measure 
of variability and if the eggs of a female be fertilized by different males, 
widely varying percentages of cleavage occurred. The female whose 
eggs gave the highest percent of cleavage by one male, usually gave 
the highest percent by other males, though the absolute percentage 
differed considerably. And vice versa a low cleavage female usually 
gave low cleavage by other males. A few experiments are cited to 
show some of the details (table 1). 

With these facts in mind a detailed study of certain variations were 
made as follows: (a) variations in size and shape of the eggs; (b) varia- 
tion in the jelly layer of eggs; (c) variation in membrane formation; 
(d) variation in cleavage. 

(a) Eggs of a considerable number of females of each species were 
carefully measured. The eggs of some females varied little from the 
norm, others varied much, usually by enlargement. One set of read- 
ings of two. females collected and prepared at the same time is given 
below. 

Ocular readings of diameter of eggs 


? an 20.5 20 19.5 19 18.5 
1 0 0 0 0 33% 67% 
2 8% 24% 48% 24% 0 0 


Female number 1, varied but little from the norm (19); female num- 
ber 2 showed considerable enlargement, and variability. Eggs normal 
or nearly normal in size tended to be all or nearly all globular, eggs 
showing considerable variation tended to be elliptical. 
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(b) The number of eggs with intact jelly layer also varied in the dif- 
ferent females. Some females contained eggs, nearly 100% of which 
possessed the jelly layer, others as low as 40%, etc. Such reduction 
was correlated with an increase in size, and an increase in the number 
of elliptical eggs. 


TABLE 1 TABLE 2 
THE VARIATION IN CLEAVAGE WITH DIF- To ILLUSTRATE THE RANGE 
FERENT MALES OR FEMALES OF VARIABILITY IN RATE 
Toxopneustes OF MEMBRANE FORMATION 
IN FRESH GERM CELLS 
NUMBER OF Par NUMBER OF Peete en eel a oe 
———__———_| cugav- || _———_ ——_  carav- aN QUIRED FOR 
Females | Males AGE ||Females| Males AGE ——————_——IFIRST MEMBRANE 
——<—<—<—— | ——]\—_——\—\— Females| Males TO APPEAR 
1 1 34 1 1 79 
2 1 71 2 1 83 1 1 6 
3 1 16 3 i 98 2 1 4 
4 1 99 3 1 a 
1 2 24 
2 ?) 24 1 2 65 1 1 2 
3 2 9 2 2 60 2 1 2 
3 2 98 3 1 13 
1 3 20 4 2 100 4 1 13 
3 95 
3 3 33 1 3 61 1 2 x 
2 3 48 2 1 2 
3 3 85 3 1 i 
4 3 81 4 1 1 
Arbacia 1 1 < 
2 1 x 
iL 1 34 1 1 99 3 1 23 
2 1 71 2 1 25 4 1 24 
3 1 16 3 1 57 5 1 x 
6 1 x 
1 2 24 1 2 83 7 1 24 
2 2 24 2 2 64 
3 2 9 3 2 30 x Signifies that no mem- 
brane formed in ten minutes. 
1 3 20 1 3 98 
2 3 95 2 3 93 
3 3 33 3 3 50 


(c) The rate of membrane formation also varied in different females. 
In some, the eggs formed membranes within two minutes, in others 
three to ten minutes, in others not at all. Rapid membrane formation 
was correlated with slight variability in size, globular shape of eggs, and 
high percent of jelly layers; slow membrane formation with the reverse 
conditions. A few examples are cited to illustrate this type of variation, 
in the eggs of different females fertilized by the same males (table 2). 
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(d) The rate of early cleavage (first and second) and the total cleav- 
age showed even greater variations, from complete or almost complete 
sterility to 100%. High percent cleavage was correlated with little 
variation in size, globular shape, high percent jelly layer, and rapid 
membrane formation. The reverse conditions were associated with 
low’ cleavage. In these ways one may separate the so-called ‘good’ 
from ‘bad’ eggs, which morphologically are indistinguishable. A single 
example of ‘good’ and ‘bad’ females are given below: 


NUM- NUMBER OF FEMALE MAXI- 


SPECIES BER OF ae CON 
cacurcaee Wane 2 3 4 5 6 7 |"ence | STANT 
Toxopneustes.....| 1 99:'| 83 |) 98"! 98 16% |2 hrs. 
2 81 76 | 18 14 40 72 
Hipponoé........ 1 92 Oi Alsaos 14 
2 90 54; 59 47 16 74 
1 100 100 0 
Arbaciaescciiey.¢ 2 99 98 | 97 97 98 99 99 7 
3 81 58 1 if 91 90 


The amazingly large variability in these fresh germ cells finds its 
explanation in the following facts: (1) There is a primary small vari- 
ation in fresh eggs of any female. (2) Eggs do not all ripen at the same 
time but at different intervals, within the body of the female. (3) 
Injurious changes occur in the eggs from the moment they ripen. (4) 
The time of elapsing between maturation and removal from the body 
may be different for different females, and therefore the intensity of 
the changes will be different for different females. (5) Sea water is 
also slightly injurious to ripe eggs, and the already different physiologic 
condition of the eggs is further heightened by the differential effect of 
the sea water. 

Eggs removed from different females at the same time though of the 
same chronologic age are nevertheless rarely in the same physiologic 
condition. In order to determine their physiologic state and there- 
fore, in order to separate the eggs according to their physiologic condi- 
tion, it becomes necessary to ascertain in the manner just described 
the degree of variation of size, of jelly, and better still of membrane 
formation, and still better of cleavage, as well as by other means. 

It becomes highly probable in view of these facts that the varying 
behavior of the eggs in the experiments of J. Loeb, F. Lillie, R. Lillie, 
Wasteneys and others was due in large part to a variation in the physi- 
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ologic conditions of the eggs which these investigators used. These 
variations have now been adequately described and measured, and 
correlated with physiologic condition of the eggs. For experimental 
work it is absolutely necessary to determine in advance the exact physi- 
ologic condition of the eggs, and to use only such, as are nearly in the 
same condition. We may then hope to obtain more constant and pre- 
dictable results. 

A full account of these experiments will appear in the forthcoming 
volume of the Researches of the Marine Biological Laboratory of the 
Carnegie Institution of Washington. 


TRANSPLANTATION OF LIMBS 
By Ross G. Harrison 


OSBORN ZOOLOGICAL LABORATORY, YALE UNIVERSITY 
Read before the Academy, November 14, 1916 


The specificity of the tissue of the limb bud in the amphibian em- 
bryo has been clearly shown by Braus,! who found that when trans- 
planted to any part of the body it would develop into a normal append- 
age. Since then evidence has accumulated? to show that the limb 
rudiment, and more especially its mesoderm, constitutes an equipoten- 
tial system. Legs are, nevertheless, rights or lefts and, having no 
plane or axis of symmetry, the leg of one side of the body cannot be 
superimposed upon that of the other. In the early embryonic condi- 
tion, however, there is no visible evidence of laterality, and the ques- 
tion arises when and how this property is determined. Experiments 
made during the past year have rendered it possible to state more sim- 
ply than before* the rules that govern its determination. 

All of the experiments here considered were made with the fore limb 
of Amblystoma punctatum under precautions necessary to prevent 
regeneration from the host.? In grafting the limb buds three different 
circumstances relating to their position in the embryo were taken into 
account—location, laterality and orientation (fig. 1). First, the limb 
buds were placed either in their natural location in another embryo 
after removal of the normal bud (orthotopic transplantation) or else 
in some other region of the body, preferably on the flank of the em- 
bryo between the normal fore and hind limbs (heterotopic transplanta- 
tion). Secondly, some were grafted on the same side of the body as 
that from which they were taken (homopleural) and others on the op- 
posite side (heteropleural). Thirdly, they were placed either in up- 
right position, with the dorsal border of the transplanted disc corre- 
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sponding to the dorsal border of the wound (dorso-dorsal), or in the 
inverted position with the ventral border of the disc at the dorsal bor- 
der of the wound (dorso-ventral). There were thus eight different pos- 
sible combinations, all of which were tried in numerous individual 
cases. Intermediate positions have not yet been experimented with. 
When the limb bud of one side is implanted on the other, it is obviously 
impossible to place it in a normal posture, for when the dorsal and 
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FIG. 1. 


Diagram showing the eight different operations. The outline of an Amblystoma em- 
bryo in the operating stage is shown above. ‘The circles within it represent the limb bud, 
in the normal (orthotopic) and the abnormal (heterotopic) location. The four circles be- 
low represent the four different ways in which limb buds may be oriented with reference 
to the cardinal points of the embryo; the letters (d, dorsal; v, ventral; a, anterior; and 9, 
posterior) within the circles designate the original cardinal points of the transplanted limb, 
those outside the corresponding points of the embryo. The operations are represented 
to be on the right side. R, right limb bud; Z, left limb bud; hom., homopleural; hez., 
heteropleural. 


ventral borders correspond respectively the anterior and posterior bor- 
ders are interchanged and vice versa. Eight further combinations are 
formally possible by interchange of internal (medial) and external 
(lateral) surfaces, though they are impracticable, because the meso- 
derm would thereby be placed on the outside. 

The experiments confirm previous ones in showing that the limb bud 
is a self differentiating body, in so far as it may produce a fore limb 
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wherever or in whatever position implanted, but they also show that 
its laterality may be affected by its new surroundings. There are many 
instances o imperfect development, and of total absorption of the trans- 
planted tissue, especially in the case of the heterotopic transplantations. 
Also, as has been observed before (Braus,> Harrison,®) supernumerary 
appendages often arise after transplantation, just as in regenerating 
limbs under certain conditions (Tornier,’ Della Valle.)® 

In the orthotopic operations the transplanted limb, whatever its 
form, usually becomes functional, while in the heterotopic this is rarely 
the case and the function is never perfect. Functional activity, to- 
gether with the superior potency of the norma surroundings in influ- 
encing the development of the limb, renders the results of orthotopic 
transplantation, in so far as they bear on the problem of laterality, 
more complicated and difficult to interpret than the heterotopic. Never- 
theless the following fundamenta’ rules underlie the determination of 
laterality in both cases. 

Rule 1. A bud that is not inverted (dorso-dorsal) retains its original 
laterality whether implanted on the same or on the opposite side of 
the body. 

Rule 2, An inverted bud (dorso-ventral) has its laterality reversed 
whether implanted on the same or on the opposite side. 

Rule 3. When double or twin limbs arise the original one (the one 
first to begin its development) has its laterality fixed in accordance 
with the above rules, while the other is the mirror image of the first. 

In the heterotopic transplantations the tissue is very often resorbed 
or the appendages which arise are rudimentary or imperfect (56%). 
Probably vascularization is not so good and innervation is incomplete. 
Reduplications were produced in all of the four combinations. 

In the orthotopic transplantations only about 18% of the limbs 
were rudimentary or imperfect, the rest being either fully developed 
reduplications or normal limbs. Double limbs were obtained frequently 
in two of the combinations (heteropleural dorso-dorsal and homopleural 
dorso-ventral) and were very rare in the other two. Other modifica- 
tions also occurred. The results were as follows: 

i. Homopleural dorso-dorsal grafts developed normally though at 
first very slightly retarded. Rule 1; 6 cases (100%).° 

2. Homopleural dorso-ventral grafts resulted in (a) A single limb of 
reversed laterality (a structurally and functionally perfect right limb 
on the left side). Rule 2; one case only (4.3%). (6) Reduplicated 
limbs. Rule 3; 16 cases (69.6%). (c) Typical non reversed limbs 
which began their development by growing in ari abnormal direction, 


248 ZOOLOGY: R. G. HARRISON 


but ultimately assumed normal posture by rotation. 6 cases (26%). 
The latter, which constitute the only exception to the rules, require 
further investigation. ; 

3. Heteropleural dorso-dorsal transplantations yielded: (a) Single 
non reversed limbs. Rule 1; one case only, and that not perfect (3%). 


FIG. 2. 


Diagram showing the results of the four operations, heterotopic or orthotopic, repre- 
sented as on the right side of the embryo. The circles indicate the transplanted limb buds, 
the letters having the same significance as in figure 1. Thus the two upper figures in the 
diagram represent homopleural, and the two lower ones heteropleural transplantations. 
The two on the left show the transplanted bud in upright (dorso-dorsal) orientation while 
the two on the left are inverted (dorso-ventral). The limbs which develop are shown in pro- 
file, the ulnar border being uppermost (dorsal) in all which actually develop. A heavy out- 
line indicates the primary member, a light outline the reduplicating one. It is to be noted, 
however, that the latter develop in by no means all cases while the former may be. resorbed 
in the heteropleural dorso-ventral combination leaving only the reduplicating member pres- 
ent. The broken outlines show the posture that the limb would have assumed, had it de- 
veloped as a self differentiating member totally independent of the influence of its 
surroundings. 


(b) Reduplicated limbs, in which the secondary member, being re- 
versed, has the laterality of its new surroundings. Rule 3; 26 cases 
(78.8%). (c) Cases similar to the above (0) in their early develop- 
ment but differing later in that the reduplicating bud gained the upper 
hand and developed into a normal functioning limb of reversed laterality 


ZOOLOGY: R. G. HARRISON 249 


(corresponding to its new surroundings); at the same time the original 
bud became reduced to a small spur or appendage upon the other. 
Rule 3 modified; 6 cases (18.2%). | 

4. Heteropleural dorso-ventral transplantations developed into: (a) 
Single limbs of reversed laterality somewhat retarded in their develop- 
ment. Rule 2; 17 cases (94.4%). (6) Duplicate limbs. Rule 3; a 
single case only (5.5%). 

The results of the experiments are summed up in diagrammatic 
form in figure 2. The ulnar border of the limb is at first always dor- 
sal slightly inclined to medial, as in the normal appendage, while the 
palmar surface is medial slightly inclined to ventral, but the limb may 
point in either an anterior or a posterior direction. Bending of the 
elbow or rotation from the shoulder joint may of course modify the 
positions later in development. The reversal of laterality which takes 
place is as if the limbs were mirrored in either one of two planes, one of 
which is horizontal and the other vertical with respect to the main 
axis of the embryo. When the reversal takes place across the former 
plane it is complete and no reduplication occurs. It is accomplished 
immediately or at least very early in development, so that there is little 
or no outward sign of disturbance and development is but slightly re- 
tarded. This plane may be called the primary one. It comes into 
play when the dorso-ventral axis of the transplanted bud is inverted. 
When mirroring takes place in the vertical plane, which may be called 
the secondary one, actual reduplications are found. This occurs in 
those combinations in which the dorso-ventral axis of the disc is not 
inverted and it may also occur secondarily following reversal across 
the primary plane as just described. The twinning of the appendages 
may, however, be masked, at least in orthotopic transplantations, 
through the absorption of the original (primary) limb bud (3 c). 

The relations of the duplicate limbs change considerably during 
development, and their definitive position is subject to considerable 
variation. There may be further reduplication, so that more or less 
complete triple limbs may result. The three limbs then have approxi- 
mately the same relations as found by Bateson,'° especially in arthropods. 

In two of the combinations the limbs that develop are in normal orien- 
tation with respect to the cardinal points of the embryo. One of these 
(hom. dd.) is when the graft is placed in the original normal posture, 
the other (het. dv.) when it is placed upside down on the opposite side 
of the body. These: combinations may be termed harmonic. The 
other two combinations, the simply inverted bud (hom. dv.) and the 
bud planted on the opposite side of the body in upright position (het. 
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dd.), result primarily in limbs that are not normally placed in relation 
to the cardinal points of the embryo, and may be termed disharmonic. 

In comparing the distribution of single and reduplicated appendages 
in the various groups a remarkable result becomes apparent. In the 
heterotopic group, where function is excluded, the harmonic combina- 
tions yield a relatively large proportion of reduplications (about 54%), 
while the disharmonic combinations yield a far greater proportion of 
single limbs (about 87%). In the orthotopic group, on the other hand, 
the harmonic combinations yield in overwhelming proportion (96%) 
single limbs which are functional and perfectly normal with respect 
to their surroundings, while the disharmonic combinations yield about 
96% of reduplications. 

Experiments with superimposed limb buds and with transplanted 
half-buds confirm the above results. The harmonic combinations 
yield single limbs while the disharmonic combinations result in re- 
duplications. 

All double formations do not remain as such, however, for it is possible 
to achieve a normal result from at least one of the disharmonic com- 
binations (het. dd.) by the reduction of the original limb of the pair and 
the preponderance of the other, which then becomes a normal single limb 
of reversed laterality (3c) corresponding, therefore, to the laterality of its 
new surroundings. On the other hand, in the only case in which a single 
normal limb of opposite laterality (2a) developed in the orthotopic ~ 
position, it functioned perfectly. This shows that when innervation 
and vascularization are sufficient, a functional condition may arise 
which is independent of the harmony of the combination. 

It would be premature to discuss the bearing of the experiments upon 
the question of adaptation. It may be pointed out, however, that the 
fundamental rules of laterality, as stated above, lead as often to dis- 
harmonic as to harmonic results. On the other hand the secondary 
factors, especially those which determine whether a reduplicated or a 
single appendage shall arise and those which lead to the resorption of 
one of the two members of a pair, show a tendency to produce a pre- 
ponderance of adaptive results. ‘To determine the exact nature of these 
factors will require further investigation, pending which it seems un- 
wise to appeal to mysticism for the explanation. 


1Braus, H., Miinchener med. Wochenschr., 1903. 

2 Harrison, R. G., these PROCEEDINGS, 1, 1915. 

3 The shoulder girdle rudiment is itself such a system according to Braus, Experimentelle 
Beitrage zur Morphologie, 1, 1909 (400). Also Morph. Jahrb., Leipzig, 39, (271). 

4Harrison, R. G., Anat. Rec., Philadelphia, 10, 1916. 
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7Tornier, G., Arch. Ent.-Mech., Leipzig, 20, 1905. 

8 Valle, P. della, Napoli, Boll. Soc. Nat., 25, (1911-12), 1913. 

®In calculating percentages only those cases which yielded positive results were taken 


into account. 
i0 Bateson, W., Materials for the Study of Variation, London, 1894, (479). 


THE SHAPES OF GROUP MOLECULES FORMING THE SURFACES 
OF LIQUIDS 


By Irving Langmuir 


RESEARCH LABORATORY OF THE GENERAL ELECTRIC COMPANY, SCHENECTADY, N. Y. 
Communicated by A. A. Noyes, February 2, 1917 


In a recent paper! I have developed a theory according to which 
all the forces involved in the structure of solids and liquids, are similar 
in nature to the forces causing chemical combination. Thus conden- 
sation, evaporation, adsorption, cohesion, crystallization, liquefaction, 
viscosity, surface tension, etc., are manifestations of the forces already 
known to the chemist. In all these cases the range of the forces is 
limited to atomic dimensions except in so far as their effects may be 
transmitted from atom to atom. According to this theory, every atom 
in a solid or liquid is chemically combined to every adjacent atom. 
This chemical union may be strong or weak and may be characterized 
either by primary or secondary valence (Werner). 

In most inorganic solid or liquid substances of the strongly polar 
type, the identity of the molecule is wholly lost, but in organic com- 
pounds the groups of atoms constituting the chemical molecule usually 
have a real existence even in the liquid or solid state. These group 
molecules are held together by primary valence forces while the forces 
acting between the group molecules, although no less chemical than 
the others, are to be characterized as secondary valence forces. 

From this viewpoint the forces involved in adsorption and surface 
tension do not originate from the group molecule as a whole, but rather 
from certain atoms in the molecule. 

This theory leads inevitably to the conclusion that adsorbed films on 
plane surfaces of solids or liquids should, in general, be one atom or 
group molecule in thickness. Considerable experimental evidence has 
already been presented that this is the case with films of gases adsorbed 
on solids. 

Miss A. Pockels? showed, in 1891, that very small amounts of oil on 
the surface of. water have no appreciable effect on the surface tension, 
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but that the surface tension begins to decrease suddenly when the 
amount of oil per unit area is increased beyond a certain sharp limit. 

Lord Rayleigh,? Devaux,‘ and Marcelin® have made similar experi- 
ments and have concluded that the amount of oil needed to produce 
an appreciable effect on the surface tension corresponds to a layer one 
molecule deep. Devaux finds with triolein that a film 11. x 10-8 cm. 
thick just begins to lower the surface tension of water. From the den- 
sity and molecular weight of the oil and from Perrin’s value of the 
Avogadro constant, he calculates that the diameter of the molecule 
would be 11.3 X 10-® cm. if this be assumed spherical in shape. 

According to my theory, however, molecules should not be regarded 
as spheres, since such a supposition would not be consistent with the 
chemical nature of the forces. The fundamental question immediately 
arises: What causes the spreading of an oil upon the surface of water? 
If we regard molecules as spheres, any attraction between the water 
and the oil should cause the oil to dissolve in the water instead of 
spreading on the surface. From the chemical viewpoint, however, the 
force causing the spreading should be a force between atoms, not be- 
tween molecules. Evidently, then, some atom or atoms in the oil 
must have an afhnity for the water. Now it is known that the pres- 
ence of the —COOH, —CO, or —OH groups in an organic molecule 
tends to render the substance soluble in water, while the hydrocarbon 
chain decreases the solubility. On the other hand, hydrocarbons are 
soluble in each other. Therefore the -COOH, —CO, and —OH groups 
have more affinity for water than for hydrocarbons, while hydrocar- 
bons have more affinity for each other than for water. 

Thus, when an oil is placed on water, the —COO— groups combine 
with the water, while the hydrocarbon chains remain combined (sec- 
ondary valence, of course) with each other. This process leads directly 
to the spreading of the oil on the surface. If only a limited amount of 
oil is placed on a large surface, the spreading ceases as soon as all the 
available —COO— groups have come into contact with the water, for 
any further spreading would separate the hydrocarbon chains from each 
Other. - 

According to this conception, pure hydrocarbon oils would not spread 
on water. Experiment shows that this is actually the case.® 

The theory furthermore indicates that the hydrocarbon chains in 
the oils must be placed above the —COO-— groups on the surface. 
Thus, in a series of homologous compounds, as the length of the chain 
increases the thickness of the oil film should increase in proportion, 
while the area occupied by each molecule should remain constant. 
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Now the area occupied by each molecule, which we will designate 
by a, is readily calculated. If w is the weight of oil placed on the sur- 
face and A is the area to which the film must be compressed before the 
surface tension changes, then the area a covered by each molecule is 
evidently a=AM/wN, where M is the molecular weight of the oil 
(oxygen = 16), and W is the Avogadro constant (6.06 x 10% molecules 
per gram molecule). Furthermore, we may calculate 7 the length of 
the molecule (measured vertically), as follows: the volume of each mole- 
cule is M/pN, where p is the density of the oil. By dividing this vol- 
ume by a, the cross-section of the molecule, we obtain the length of 
the molecule, thus r= M/apN = W/pA. 

To measure A, a new method has been developed. A strip of paper, 
floating on the water in a long tray, is fastened to a horizontal balance. 
Oil is placed on the water on one side of the strip only, and leakage of 
oil past the ends of the strip is prevented by localized blasts of air from 
two small tubes. Thus the force tending to cause spreading of the 
oil is measured for different values of A. By plotting these results it 
is easy to extrapolate to zero force and thus obtain the maximum area 
completely covered by the oil film. 

TABLE 1 
Cross SECTIONS AND LENGTHS GF Mo tecues 


CROSS 


SUBSTANCE M SECTION Ja Pecan 
a 
sg.cm cm. cm 
x 1078 | x 10-8 | Xx 10-8 
Emme acid Cbs COOH .. 0)... ee cae ee 256 24. 4.9 19.6 
preatic acid Cy7HssCOOH,... 050. eke ewe ee 284 24. 4.9 21.8 
Wersncacid Cop COOH. ioc... ee ec ee es 396 25 5.0 29.0 
Wetaraicohol CighlsOH. ook. ee eee cee 242 21 4.6 21.9 
Miyracy alcohol CalgOH .. 2)... 2.2... ccc cece ee 536 29 5.4 Sore 
Tristearin (CigH3sO02)3C3Hs TR CS, Ny ee AY ae ae, 891 69 8.3 235701 
Cetyl palmitate Ci1sH3:COOCisH33.................. 482 21 4.6 44.0 
@leicacia Ci, aCOOH. . ic... cece cee cote oe 282 48 6.9 10.8 
Triolein (CigH3302)3C3Hs5 Mepeusncu steele ck civenaiagme (enens helisn hereon 885 145 12.0 11 F 2 
Mmlelatenn (CretlesOs)gCghle. oo os a ce cle cee a oe 885 137 G67 11.9 
Ricinoleic acid Ci7H3.(0H)COOH. ................ 297 90 9.5 5.8 
Emmoleic acid CiyHaCOOH. ....5......... 00000 ee es 280 47 6.9 10.7 
ieinolenie-acid\ Cy besCOOH 2). e. oes ees. 278 66 8.1 FL) 
Castor oil (Ci7Hs2(OH)COO)sC3Hs...............0% 929 280 16.8 57 
Linseed oil (CyHsiCOO)sCsAy ec ee ee. 875 143 11.9 11.0 


Table 1 gives the values of a and 7 found for a number of different 
solid and liquid films on distilled water at 16°C. Palmitic, stearic, 
and cerotic acids all occupy the same area (24. x 10-* sq. cm.) per 
molecule. The length of the molecule in the vertical direction (7) in- 
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creases about in proportion to the number of carbon atoms in the chain. 
This is a direct proof that the molecules are oriented on the surface 
with the COOH groups in contact with the water, andthe hydrocarbon 
groups placed vertically above them. Dividing the value of 7 by the 
number of carbon atoms in these molecules, we obtain an average of 
1.19 < 10-§ cm. It is not likely that the carbon atoms in a hydro- 
carbon molecule are closer to each other than in a diamond, so that 
we must conclude that the carbon atoms in the chain are not arranged 
along a straight line, but in a zigzag fashion. The cross-section a is 
ample for such an arrangement. 

The data for tristearin show that the three -COO-— groups are all 
located on the surface of the water and that each occupies the same 
area as it does in the stearic acid molecule. The three chains are placed 
side by side. Cetyl palmitate occupies actually less space than pal- 
mitic acid. The two chains lie sideby side, each having less than one- 
half the cross-section, but twice the length, that it has in palmitic acid 
or cetyl alcohol. 

These results prove that the areas are determined by the space on 
the water required by the active groups —COO— or —OH and not by 
the cross-section of the hydrocarbon chain itself. 

The unsaturated acids and esters occupy much larger areas than the 
saturated ones, and have correspondingly shorter lengths. This is 
clearly due to the double bond (and the —OH in ricinoleic acid) itself 
occupying a space on the water. Marcelin® has shown that when a 
globule of oleic acid is placed on a water surface, the film obtained is 
twice as thick as one which just alters the surface tension of water. 
Marcelin concludes that such a film is two molecules thick. The above 
data show that when the thin film of oleic acid is doubled in thickness, 
each molecule then occupies the same area as does one of stearic acid. 
Clearly, when an excess of oleic acid is added, the —COOH groups 
displace the double bonds and the chains assume an erect position on 
the surface. 

These facts prove that the hydrocarbon chain is extremely flexible 
and has no definite shape of its own. The term ‘chain’ thus describes 
its properties admirably. 

The above method makes it possible to determine the lengths and 
cross-section of molecules of non-volatile, insoluble substances. De- 
vaux has shown that oils spread on clean mercury surfaces as well as on 
water, so that it may be possible to study many substances soluble in 
water by this method. 
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For volatile or soluble substances, however, there is another method 
by which the cross-sections and lengths of molecules in the surfaces of 
liquids may be determined. 

According to Gibbs’ equation 


tt ha (1) 


we may calculate g the amount of material adsorbed per square centi- 
meter in the surface of a liquid, by determining the rate at which the 
surface tension, y, changes as the concentration of a dissolved substance, 
or that of a vapor above the liquid, is altered. It has been pointed 
out by Milner’ that when substances strongly depressing the surface 
tension are added to water, the surface tension varies linearly with the 
logarithm of the concentration for all except extremely dilute solutions. 
If we write equation (1) as follows: 


ee (2) 


it is evident that under these conditions qg is independent of the con- 
centration. Milner thus calculates from Whatmough’s data for acetic 
acid solutions, that g is 3.8 xX 10-' grams mol. per square centimeter 
over a rather wide range of concentrations. This should correspond to 
a monomolecular film. Multiplying the above result by NV, we find 
that it corresponds to 23. * 10'5 molecules per square centimeter. The 
area occupied by each molecule is the reciprocal of this, or 43 x 10716 
sq. cm. per molecule. If the whole of this area were covered by a single 
molecule of acetic acid, the value of + would be only 2.2 10-8 cm. 
It is therefore probable that the group molecule forming the surface 
layer contains water adsorbed around the acetic acid group. The polar 
character of the —COOH group should exert its influence on the CHs 
radical, causing it to pack into the surface layer surrounded by a definite 
number of water molecules. This hypothesis is in accord with the 
fact that acetic acid mixes in all proportions with water. 

Still more conclusive evidence in support of the new theory is fur- 
nished by a paper by Szyszkowski,’ in which surface tension data for 
water solutions of propionic, butyric, valeric, and caproic acids are given. 
The results are found to be given quite accurately by the purely 
empirical relation 


1 — a b een (3) 
Yo a 
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where y is the surface tension of the solution and yo is that of water; 
a and 6 are constants. Szyszkowski found that 6 had the same value, 
namely 0.411, for all the fatty acids investigated, while the constant a 
had a different value for each substance. Over a large part of the 
range of concentrations investigated, @ was negligible compared to c so 
that the empirical equation 3 is equivalent to the relation found by 
Milner. That is, if we neglect a in (3) and differentiate, we obtain 


— = — 0.434 ¥% b. (4) 
Ne 


Comparing this with (2), 
i 0.434 Yo b (5) 
ies 


Since 6 was found to have the same value for all the fatty acids, this 
equation indicates that the same number of molecules of acid are ad- 
sorbed in the surface layer in each case. Placing yo = 73 dynes per 
centimeter; b = 0.411, R = 83.2 X 10° ergs. per degree and T = 290°K 
we find g = 5.4 X 10~'° gram mols. per square centimeter. This cor- 
responds to a value of a of 30.6 X 107 sq. cm. per molecule. This 
agrees even better with our value of 24. x 10-'® sq cm. per molecule 
for palmitic acid. 

Donnon and Barker’ have measured the amount of nonylic acid ad- 
sorbed in the surface of its water solutions and have compared the 
result with that calculated from surface tension measurements by Gibbs’ 
equation. Both methods gave approximately the same results, averag- 
ing about 1.1 x 10-7 grams per square centimeter (independent of the 
concentration over a wide range). This corresponds to a value of a of 
23.7 X 10-* sq. cm. per molecule, practically ee with the vee 
for the fatty acids given in table 1. 

We may therefore conclude that in moderately concentrated solu- 
tions of all substances which strongly depress the surface tension, the 
surface consists of a layer, one molecule deep, of the dissolved substance, 
and that there is never a transition layer in which the concentration. 
varies progressively as we go further from the surface into the solution. 
The amount of solute required to form the monomolecular layer can 
be calculated from Gibbs’ equation. The length and cross-sections of 
the molecules forming the surface layer may then be found. 

In the case of solutions of inorganic salts, such as NaCl, the surface 
tension is greater than that of pure water and increases linearly with 
the concentration. Milner’ pointed out, according to Gibbs’ equation, 
that there is a deficiency of solute in the surface proportional to the 
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concentration. Now this is exactly what we should expect if the sur- 
face layer of these solutions consists of a single layer of group mole- 
cules of water. Milner shows that the deficiency of salt is 4.1 « 10-" 
gram molecules of salt per square centimeter for a normal solution 
(c =0.001). Hence we may place g/c = —4.1 x 10-8, 

This result can be explained if we assume that there is a layer 4.1 x 
10-8 cm. thick on the surface which contains no salt. This then should 
represent the length of the water group molecule. It is interesting to 
note that practically this same value is obtained with solutions of all 
the different inorganic salts. 

Taking the molecular weight of water in the surface to be 18, we 
find the cross-section of the water molecule to be 7.3 X 107% sq. cm. 

It is believed that this methodof studying the structure of liquid 
surfaces will prove to be of very general application. The writer is 
undertaking experiments to measure the cross-sections of molecules ad- 
sorbed on water surfaces from vapors. ‘Thus, benzol vapor greatly low- 
ers the surface tension of water, and in this way some knowledge may 
be obtained as to the shape of the benzol molecules under different 
conditions. Of course other liquids than water may also be used. 

There is a great deal of available data on surface tension of solutions 
in the literature which can serve this same purpose. I hope to refer 
to as many of these cases as possible, in a paper on the constitution 
of liquids which will soon be submitted for publication in the Journal 
of the American Chemical Society. 

1 Langmuir, I., J. Amer. Chem. Soc., Easton, Pa., 38, 1916, (2221). 

2 Pockels, A., Nature, London, 43, 1891, (437-439). 

3 Lord Rayleigh, Phil. Mag., London, 48, 1899, (331-337). 

4 Devaux, H., Washington, Smithsonian Inst., Ann. Rep., 1913, (261-273). 

5 Marcelin, AS Paris, Ann. Physique, 1, 1914, (19-34). 

6 Hardy, W. B., London, Proc. R. Soc., (A), 86, 1912, (610-635). 

7 Milner, S. R, Phil. Mag., London, 13, 1907, (96-110). 


§ Szyszkowski, B. v., Zs. physik. Chem., Leipzig, 64, 1908, (385-414). 
® Donnon, F. G., and Barker, J. T., London, Proc. R. Soc., (A), 85, 1911, (557-573). 


THE IMPORTANCE OF THE WATER CONTAINED IN THE DEEPER 
PORTIONS OF THE SUBSOIL 


By F. J. Alway and G. R. McDole 


MINNESOTA AGRICULTURAL EXPERIMENT STATION 
Communicated by R. Pearl, February 10, 1917 


The most extreme views are entertained as to the importance of the 
water contained in the deeper portions of the subsoil—that below the 
depth penetrated by the roots of crop plants. Thus while McGee! 
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considered it to be largely responsible for the crops of extensive areas 
which would be unproductive if entirely dependent upon the rain and 
snow which fall upon their surface, and Cameron? sees in it the means 
of indefinitely maintaining the mineral nutrients of the surface soil, 
Rotmistrov’ regards it of no importance to those plants whose roots 
do not reach down to it. Hall‘ in a recent analysis of the situation 
has stated: “The evidence on either side is far from being conclusive 
and more experiments are very desirable.” 

The present differences in views appears to be due to the failure in 
laboratory experiments and field studies to take into consideration 
some physical constant that is directly related to both the lower limit 
of available moisture and the water-retaining-capacity of the soil, if 
we define the latter as the maximum amount which a soil will carry 
after it has been saturated and then, protected from both direct evapo- 
ration and the indirect effects of this as well as the action of plant roots, 
allowed to come into approximate moisture equilibrium by the down- 
ward movement of the excess of water into the subsoil mass. The lower 
limit of available moisture as determined by plant-house experiments, 
in which crop plants were grown in 6-foot cylinders and left unwatered 
until they matured or died of lack of water, appears to be practically 
coincident with the hygroscopic coefficient. Up to the present a method 
of estimating the water retentiveness in the field from one of the physi- 
cal constants of the soil has not been developed. The laboratory ex- 
periments and field studies of the authors make it appear that in the 
case of soils with hygroscopic coefficients between 14 and 3 this bears 
a rather simple relation to the hygroscopic coefficient and that in coarser 
soils, while it bears a much less simple relation, this is still one that may 
be experimentally determined. As the great majority of the tillable 
soils of dry-land regions fall within the limits of hygroscopicity men- 
tioned it would appear that through the determination of both the 
moisture content and the hygroscopic coefficient in the case of samples 
of the deeper subsoil we could learn both the percentage of the physio- 
logically important water and the departure of this from the maximum 
which the particular subsoil could retain. 

The investigation was carried out in 1912 and 1913, while we were at 
the Nebraska Agricultural Experiment Station, the field studies being 
conducted partly in the humid eastern portion of Nebraska and partly 
in the semi-arid western end of that state. 

The soils involved in the experiments included both surface soils and 
subsoils and ranged in texture from a Dune sand, with a hygroscopic 
coefficient of 0.6 and a moisture equivalent of 1.5, to a silt loam with 
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corresponding values of 13.3 and 29.5. In the laboratory experiments 
we employed cylinders 4 to 6 inches in diameter and of various lengths. 
These were filled with soils of known hygroscopic coefficients and mois- 
ture equivalent, and, except where saturation was desired, we deter- 
mined the initial moisture content. 

Five of the loams, placed in capillary connection with the natural 
subsoil mass, saturated with water and allowed to stand protected from 
surface evaporation for several months, lost water until the amount 
retained bore a close relation to the hygroscopic coefficient, being from 
2.1 to 3.1 times this value, according to the particular soil. When a 
layer of coarse sand or gravel separated the column of loam from the 
natural subsoil mass or interrupted it the downward movement of the 
water in the soil above this layer was much delayed. Where the column 
consisted of successive 2 inch layers of loams differing widely in texture 
the order of their arrangement exerted no influence upon their final 
water content. 

Soil columns, 30 to 36 inches long, while protected from all loss of 
moisture at the sides and bottom, were freely exposed to evaporation at 
the surface for periods varying from a few weeks to half a year. The 
moisture content, originally uniform and lying between 2 and 3 times 
the hygroscopic coefficient, fell until it reached, at depths below the 
first foot, an almost constant minimum with the ratio 1.9 to 2.2. 

Employing 2-foot columns of 12 different loams, each with an initial 
moisture content approximately equal to its hygroscopic coefficient, 
enough water was added to raise the average moisture content of the 
column to 1.5 times the hygroscopic coefficient, the water being applied 
in one experiment to the top and in another to the base of the column. 
After the cylinders had stood for three or four months, fully protected 
from evaporation, the distribution of moisture, with regard to the sur- 
face to which it had been applied, was found to be the same in both 
experiments. The maximum distance through which an effect was 
shown was about 2 feet but in most cases the distance was much less. 
The maximum final ratio of moisture content to hygroscopic coefficient 
was found in the section adjacent to the surface of application, where 
it lay between 1.7 and 2.4. The ratio, while falling within these limits, 
is not a constant, it not being the same for all the soils that have the 
same hygroscopic coefficient. 

The water-retaining capacity of the loams, as determined by labora- 
tory experiments, was found to bear a somewhat closer relation to the 
moisture equivalent than to the hygroscopic coefficient, the ratio vary- 
ing between 0.8 and 1.2. 
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Coarse sands exhibited a behavior very different from that of the 
loams. The ratio in the surface 6 inch section, even three months 
after one inch of water had been applied to the surface, was as high as 
6 or 7 while in the second foot it was only 1. The field studies on coarse 
sands showed as high a final ratio as was observed in the laboratory 
experiments. 

The very limited studies on fine sands indicate that these occupy a 
position intermediate between the loams and the coarse sands, the ratio 
of the water-retaining capacity to the hygroscopic coefficient rising as 
the latter value falls. 

Field studies show that when loams, after rains sufficiently heavy 
to thoroughly moisten them, are protected from losses by evaporation 
and transpiration, they lose water by downward movement until the 
ratio of moisture content to hygroscopic coefficient lies between 1.8 
and about 2.5, and, accordingly, that on the uplands of dry-land re- 
gions this is the ratio to be expected in the deeper subsoil—the portion 
below the range of plant roots. 

A comparatively abrupt transition from the moistened soil to the 
thoroughly exhausted underlying layers, with ratios of 2 to 2.5 and 1 
to 1.1 respectively, is found even several months after liberal rains have 
fallen, if the subsoil to a considerable depth had previously been ex- 
hausted of available water. 

The moisture of the deeper subsoil will be able to move upward only 
so slowly and through such a short distance in a single season that it 
will be at most of no practical benefit to annual crops. To make use 
of any portion of the precipitation which penetrates beyond the reach 
of the roots of annual crops it will be necessary to follow such crops at 
intervals by deep-rooting perennials. . 

Further experiments of a long-time character are necessary to definitely 
decide whether the deep subsoil may not in a decade or so contribute 
sufficient moisture to the subsoil within the reach of the roots of such 
perennials, 20 to 30 feet, to make such a contribution of some practical 
importance for such crops. 

This is a preliminary extract of a paper transmitted to the Journal 
of Agricultural Research. 


1 McGee, U. S. Depi. Agric., Bur. Soils, Bull. 93, 1913, (40). 

2 Cameron, The Soil Solution, 1911, (23). 

3 Rotmistrov, The nature of drouth according to the evidence of the Odessa Experiment Field. 
Odessa, 1913. 

4 Rept. 84th Meeting Brit. Assoc. Adv. Sci., 1914, (641). 
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THE TRANSFORMATION OF PSEUDOGLOBULIN INTO EUGLOBULIN 


By William N. Berg 


PATHOLOGICAL DIVISION; BUREAU OF ANIMAL INDUSTRY, WASHINGTON, D. C. 
Communicated by R. Pearl, February 16, 1917 


In several publications Banzhaf! states that when diphtheria serum 
is heated as it is in the preparation of antitoxin, part of the pseudo- 
globulin is transformed into euglobulin. Details regarding the methods 
of analysis, or the analytic data on which Banzhaf based his conclusion 
were not found in the publications examined. 

This transformation has both a practical and a theoretical interest. 
It facilitates the concentration of the antitoxin present in the serum by 
removing protein without removing antitoxin, so that the final product 
contains all the antitoxin associated with much less protein. This is 
desirable because certain of the serum proteins have very little therapeutic 
value. In applying the heat treatment for the first time to a serum 
such as anthrax serum, for example, it is obviously desirable to be 
certain that a similar transformation takes place. Otherwise there 
would be no need of the heat treatment, and besides, the heating may 
cause loss of potency. 3 

On the theoretical side, the fact that pseudoglobulin can be trans- 
formed into euglobulin without affecting the total number of antitoxic 
units is almost conclusive proof that the antitoxin is a substance sep- 
arate from pseudoglobulin. That this transformation may take place 
- in some sera, but not in all, is indicated by the following experiments, 
in which the heating of the serum was carried out under carefully con- 
trolled conditions and the analytic data obtained by improved methods. 
In all, four horse sera were used, which will be designated as follows: 

Anthrax 48. The serum obtained from Horse 48; used in a previous 
work.” Potency high. 

Anthrax 96. The serum obtained from Horse 96; used in a previous 
work. Potency lower than Serum 48. 

Diphtheria 1. A mixture of sera obtained from 2 horses. Potency 
high. 

Tetanus 1. ‘A mixture of sera obtained from 2 horses. Potency fair. 

The first attempts to detect the transformation failed almost certainly 
because the experiments were made in connection with the prepara- 
tion of globulin for therapeutic use. Better analytic results were ob- 
tained when using smaller amounts of serum under conditions adapted 
to quantitative analysis and separate from antitoxin preparation. 

Heating the serum.—The procedure with a single serum was as follows. 


° 
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Into each of 2 erlenmeyer flasks of 200 cc. capacity, pipet 50 cc. por- 
tions of the serum. To each flask there were added 25 cc. of water 
and 32 cc. of saturated ammonium sulfate solution; resulting in 30% 
saturation. At this concentration euglobulin was precipitated. One 
flask, not to be heated, was stoppered and set aside. The other flask, 
to be heated in the water bath, was stoppered with a rubber stopper 
carrying a standard thermometer. The bath had been so adjusted 
that during the experimental heating of the serum mixtures, the bath 
temperature did not rise beyond 61°2 nor fall below 60°5. The tem- 
peratures inside the flasks (it was convenient to work with 2 sera at a 
time) rose from that of the room, about 27°, to 56° in the first five min- 
utes of the heating, then to 59° in the next five minutes. After ten 
minutes heating the temperatures inside the flasks were exactly 60° 
or below it by a small fraction of a degree. The heating was then 
continued for exactly thirty minutes during which time the tempera- 
tures inside the flasks did not exceed 60° At the end of the heating 
period the flasks were transferred to a pan containing cold water. This 
brought the temperature down to that of the room, in about five min- 
utes. The next step is the separation and estimation of the precipitat- 
ed euglobulin. 

Method of analysts.—All four serum mixtures, 2 heated and 2 not 
heated, were transferred to 110 cc. centrifuge tubes and centrifuged for 
twenty-five minutes at about 2500 revolutions per minute. The sedi- 
mentation was perfect; the sticky euglobulin was firmly packed at the 
bottoms of the tubes. The supernatant liquids containing the pseudo- 
globulin, albumin and the antitoxin, were poured into 100 cc. volumetric 
- flasks. ‘The tubes could be inverted without loss of precipitate. The 
euglobulin was dissolved in water, coagulated by heat, filtered, dried 
and weighed by methods already described.2 In the supernatant 
liquid estimations were made of (1) pseudoglobulin; (2) albumin and 
(3), these two together. 

Results —The figures in table 1 show unmistakably that more euglob- 
ulin precipitate was obtained from the heated than from the unheated 
serum. The figures for euglobulin in table 2, item (b), are the same as 
those in table 1, divided by 5. The main object of obtaining the other 
data was to ascertain the source of the excess of euglobulin in the heat- 
ed precipitates and to ascertain how accurate or inaccurate the method 
of analysis was. ‘Theoretically, in table 2, (a) should equal the sum of 
(b) plus (c), and (c) should equal the sum of (d) plus (e). Although this 
equality is absent, the differences appear to be consistent and indicate 
a uniformity of error due to the absence of corrections for the compara- 
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TABLE 1 
WEIGHTS OF EUGLOBULIN OBTAINED FROM 50 cc. PoRTIONS OF SERUM 


SERUM No. pens WITH HEAT eens 
grams grams grams 
FGCU EI Lg S15 NC EN UCONN AT BT LM ie ol de 48 0.774 1.201 0.427 
PUA ATE AKG MWR ey Sete ih, oo. sn Se Wis te lace’ ede. aise' os 96 0.547 0.793 0.246 
ILA SUE T IVE 55 aOR GYR A 1 0.406 0.719 0.313 
Le IE ELEY STE 1 5 Ge CNSR RS GR 1 0.435 0.642* | 0.207 
“ESO RUS 5 Ak TN ITER OS RP ea a 1 0.243 0.304 0.061 


* Low result, due to incomplete flocculation. 


TABLE 2 
ANALYSES OF HEATED AND UNHEATED SERA. ALL WEIGHTS CALCULATED TO GRAMS IN 
10 cc. SERUM 


ANTHRAX TETANUS DIPHTHERIA 


48 not 48 |96 not} 96 1 not 1 1 not 1 
heated |heated ete heated |heated heated haired heated |heated | heated 


(a) Total coagulable pro- 
(SOLS A ee 0.618*|0.618/0.788)0.788)0.558/0.55810.66510.665/0. 6651/0. 665 
(oy) Buglobulin.: 0.0... 02: 0.155 |0.240/0. 109/0.159/0.049/0.061/0.081/0. 144/0.087/0. 128+ 
(c) Pseudoglobulin and 

albumin estimated to- 


CUE Meee ite Salil « cies 0.437 |0.378/0.668/0.625/0.447|/0.451/0.534/0.487/0.523/0.484 
(d) Pseudoglobulin....... 0.290 |0.211/0.568)/0.535/0.385/0.378|0.475/0.397/0.479|0. 438 
CMAlbumine...6.. 6... 0.191 |0.191/0.133/0.135/0.103/0. 103/0.090/0.098/0.087/0.097 


Pseudoglobulin converted 
into euglobulin......... 27% 6% 0.2% 16% 9% 


*The same figure for total coagulable protein applies to both the heated and not heated 
serum; these are not exact duplicates. 
+ Low result; see table 1. 


tively large volumes of the precipitates, solubility of precipitate in the 
washwater, occluded ammonium sulphate, etc. All the errors however, 
do not invalidate a comparison of the data in one column with those on 
the same serum, in the next column. 

The figures for albumin are practically the same in the heated and 
unheated sera. The figures for pseudoglobulin are consistently lower in 
the heated sera than in the unheated; this is an almost necessary con- 
sequence of the transformation of part of the pseudoglobulin into some 
protein having several of the precipitation characteristics of euglobulin. 
What is most important for the present investigation is that the loss 
of pseudoglobulin in the heated sera corresponds almost quantitatively with 
ithe gain in euglobulin in the same sera. 

To calculate the percent of pseudoglobulin transformed into eu- 
globulin by the heat treatment; the difference between the amount of 
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pseudoglobulin in the unheated and heated serum divided by the amount 
of pseudoglobulin in the unheated serum gives the percent transformed; 
these are tabulated at the bottom of table 2. Thus for Anthrax 48, 
the figures are (0.290—0.211)/0.290=27%. This is not the only way 
to calculate this figure. Figures for pseudoglobulin may be obtained 
from a different set of results; thus, they may be calculated by sub- 
tracting the figures for albumin (e) from those or pseudoglobulin plus 
albumin (c). If the percent of transformation be calculated from these 
lower values for pseudoglobulin the figures are, 24, 8.4., —1.2, 12.4 
and 11.2%; to read across the bottom of table 2. 

Further details are given in the Journal of Agricultural Research, 1917. 

1 Banzhaf, E. J., Proc. Soc. Exp. Biol. Med., 6, 1908, (8). Also, in Collected Studies 
from the Bureau of Laboratories, Department of Health, City of New York, 7, 1912-1913 


(114), and 8, 1914-1915, (209). 
2 Eichhorn, A., Berg, W. N., and Kelser, R. A., J. Agric. Res., 8, 1917, (37). 


A CASE OF NORMAL EMBRYONIC ATRESIA OF THE ESOPHAGUS 


By H. E. Jordan 


DEPARTMENT OF ANATOMY, UNIVERSITY OF VIRGINIA 
Communicated by A. G. Mayer, January 20, 1917 


In a series of loggerhead turtle embryos, collected and used originally 
for a study of the history of the primordial germ cells, the esophagus 
was observed to be solid for a greater or less extent, approximately 
from the point of origin of the respiratory anlage to its bifurcation into 
the bronchi, from the twelfth to the thirty-second day of incubation. 
At the latter stage the esophagus is still occluded at its oral end, though 
now fenestrated for a considerable extent caudally; and it seems prob- 
able that the esophageal atresia persists practically to near the end 
of the incubation period (eight weeks) at the level just behind the open- 
ing of the larynx. 

The points of special significance in regard to this material are: (1) 
the relatively longer persistence of the occlusion than has yet been 
described for any other form; (2) the absence of contributory yolk in 
the stenosed area; and (3) close relation of the atresia to the point of 
origin of the respiratory anlage, which fact may disclose its possible 
functional significance. | 

Balfour! was the first to describe a similar phenomenon in the 
esophagus of certain selachii. Kreuter®* confirmed these observa- 
tions in the case of Pristiurus and Torpedo. Dean‘ reports a solid 
esophagus in larvae of Amia calva. An occluded esophagus is said to 
occur also in certain bony fishes, e.g., herring, trout, salmon (Balfour; 
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Oppel’). In cyclostomes the esophagus remains patent throughout 
development (Kreuter’). In certain amphibia (Bufo; Rana) the 
esophagus becomes occluded, in part through the medium of contribu- 
tory yolk globules (Meuron*); and the same is true for certain rep- 
tiles (Anguis fragilis, Oppel,’ Lacerta, Meuron’). According to 
Meuron® the esophagus of the chick embryo of the fifth day is oc- 
cluded for a length of 115 microns, but regains partial patency again 
in the sixth day through the appearance of vacuoles. 

Kreuter? was the first to describe an epithelial obliteration of the 
esophageal lumen in the human embryo; contrary to the teaching of 
Kollmann’ and other embryologists that no solid stage of the esopha- 
gus occurred in mammals and in man. Kreuter® describes also 
similar obliterated areas in the mid- and hind-gut of embryos between 
the fourth and tenth weeks. In four human embryos, measuring from 
8.4 to 16 mm., Lewis® describes an esophagus whose lumen is per- 
vious throughout. He, however, describes vacuoles in the epithelial 
lining of these stages similar to those described by Kreuter as. stages 
in the opening of the solid esophagus. But he regards an atresia of 
the esophagus in the human embryo as abnormal at all stages (p. 368). 

It would seem that an embryonic normal atresia of the esophagus 
is a widespread phenomenon among vertebrates, and is essentially 
similar from elasmobranch fishes to man. 

The phenomenon has not yet, as far as I am aware, been described 
for turtles, a circumstance which adds to the interest of this investi- 
gation. Nor has its intimate spatial relationship to the respiratory 
anlage, and its probable functional significance, been hitherto pointed 
out. The more important results may be summarized as follows: 

1. During the tenth and eleventh days of incubation the epithelial 
lining of the oral end of the esophagus (esophageo-respiratory anlage) 
thickens greatly dorsally, the result of extensive cell proliferation in 
this region. During the twelfth day the cylindric tube of the esophagus 
becomes compressed dorso-ventrally, thus bringing the dorsal and ven- 
tral epithelial walls in close apposition. Only the minutest central 
lumen persists in the oral end of the esophagus for a distance of about 
0.25 mm. During the thirteenth day the oral end of the esophagus 
is rectangular in cross section and completely solid for a distance of 
about half a millimeter. The opposed central cells have fused and 
formed a plug of tissue, essentially like a mesenchymal syncytium. 

2. The initial point of atresia is over, or just behind, the orifice of 
the separating laryngo-trachea’ anlage; and its inception is coincident 
with the earliest stage in the division of the original esophageo-respira- 
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tory anlage into an esophageal and a laryngo-tracheal tube. By the 
sixteenth day the atresia has extended into the orifice of the larynx, 
due in part perhaps to pressure exerted by the lateral arytenoid swellings. 

3. The chief factor in the temporary closure of the originally open 
esophagus is the change in shape of the esophagus from a tube approxi- 
mately circular in cross section to a structure of wide rectangular form 
with at first a slit-like lumen and finally a minute central aperture. 
The cause of the change in shape, upon which the obliteration of the 
lumen largely depends, is the combination of growth within the esopha- 
gus in opposition to the denser lateral mesenchymal plates, by the in- 
vasion and medial fusion of which the laryngo-tracheal groove be- 
comes converted into a tube and incidentally separated from the esopha- 
gus distally. This process is assisted, as concerns the obliteration of 
esophageal lumen, by the active cell proliferation in the dorsal wall of 
the esophagus. 

4. In the sixteen day embryo, the atresia of the esophagus extends 
through about 1500 microns. Beyond the oral end vacuoles begin 
to form in the lining epithelium. ‘These represent dilated ‘intercellular’ 
spaces chiefly within the central syncytial plug of tissue. They in- 
crease in number, and enlarge caudally, where they become confluent. 
During succeeding stages this process of vacuolization continues, until 
at the thirty-second day stage only the extreme oral end of the esopha- 
gus remains closed. 

5. Both the closure and the reéstablishment of the lumen of the 
embryonic esophagus involve mechanical as well as growth processes, 
but are normal for a certain stage of the embryonic development. ‘The 
closure is not largely dependent upon intrinsic cell division; and the 
fenestration process involves no tissue degeneration or resorption. The 
level of initial closure and the level of final perforation are approximately 
the same, namely, the laryngeal level of the esophagus. 

6. In the process of vacuolization upon which the opening of the 
temporarily stenosed esophagus depends, the larger spherical vacuoles 
are drawn into irregular areolae as if through traction exerted from 
without. This traction no doubt inheres in the growing and expand- 
ing periphery of the esophagus. The esophagus now has a fenestrated 
appearance in section; its lumen is spanned by more or less delicate 
nucleated septa which may anastomose, giving to the whole the ap- 
pearance of a wide-meshed syncytium. Ultimately the trabeculae are 
drawn into the lining epithelium, and their nuclei incorporated among 
the entodermal cells of the mucous lining. 
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7. The temporary atresia of the esophagus in the Caretta embryo 
would appear to be a device for the protection of the lung during its 
development against yolk material from the gut; which material could 
not be digested but would interfere with normal development of the 
lung. 

8. This hypothesis can comprehend and correlate conditions in em- 
bryos of forms with meroblastic, homoblastic telolecithal, and alecithal 
eggs. Where yolk is very abundant as in the meroblastic eggs of fishes, 
reptiles and birds, the atresia is relatively extensive and of longer dura- 
tion; in amphibia the closure is largely of the nature of a stenosis in 
which yolk globules are involved, probably in process of digestion while 
their forward progress is delayed by reason of the constricted lumen. 
In most mammals and in man such mechanism is functionally super- 
fluous, and consequently absent except in slight and variable degree. 
As such it may persist or become accentuated, and produce congenital 
atresia or stenosis of the esophagus. 

A more detailed description will appear in Publication No. 251 of the 
Carnegie Institution of Washington. 

1 Balfour, F. M., A monograph on the development of Elasmobranch Fishes, London, 1878. 

2Kreuter, E., Solide oesophagus den Selachier, Erlangen, 1903. 

3 Kreuter, E., D., Zs. Chir., Leipzig., 79, 1905, (1-89). 

4Dean, B., QO. J. Microoc. Sct., London, 38, 1896. 

5Oppel, A., Vergleichung des Entwicklungsgrades der Organe zu verschiedenen Entwick- 
lungszeiten bet Wirbeltieren, Jena, 1891. 

6 Meuron, P. de., Paris, C.-R. Acad. Sct., 102, 1886. 


7Kollmann, J., Lehrbuch der Entwicklungsgeschichte des Menschen, Jena, 1898, (1-658). 
§ Lewis, F. T., Keibel, and Mall, Human Embryology, Philadelphia, 2, 1912, (355-368). 


STUDIES OF MAGNITUDES IN STAR CLUSTERS, V. FURTHER 
EVIDENCE OF THE ABSENCE OF SCATTERING 
OF LIGHT IN SPACE 


By Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, February 15, 1917 


The interest and importance attached to an accurate quantitative 
knowledge of the scattering of light in space, for all studies of the ex- 
tent and character of the stellar universe, has been commented upon 
by various writers, particularly by Professor Kapteyn. In the first 
communication of this series! the matter was discussed briefly and 
evidence was presented showing that interstellar space, at least in the 
direction of the Hercules cluster, is free of the kind of light absorp- 
tion that modifies the color of the stars. The generalization of this 
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hypothesis into the conclusion that such light scattering is practically 
negligible in all parts of the sky awaits, first, the verification of the origi- 
nal observational result; second, the confirmation of the proposed phys- 
ical interpretation of such data; and, finally, an investigation of the faint 
and most distant stars in a wide range of galactic latitudes and longi- 
tudes. The present note contains a further contribution to the subject 
and permits a fairly definite solution. 

In the first study of the magnitudes of the stars in the Hercules 
cluster normal values of color indices were obtained. Among a thou- 
sand objects no abnormally large or small values were found; and 
among the fainter stars, photovisual magnitude 14 to 16, a great number 
of negative indices appeared. The essential correctness of this result 
has now been checked in two different ways—by a new series of polar 
comparisons, and through a determination of the color indices by the 
method of exposure ratios.? 

Assuming the observed colors to be reliable, the presence of negative 
color indicates two significant conditions, namely, the absence of light 
scattering, and the great distance and size of the cluster. There ap- 
pears to be no adequate reason for modifying this adopted interpreta- 
tion of the blue faint stars. The decrease in the intensity of light by 
terrestrial atmospheric scattering is known to vary inversely as the 
fourth power of the wave length. The dissipated atmospheres and 
meteoric dust, to whose agency spatial light attenuation is commonly 
ascribed, are recognized as similarly capable of the preferential scatter- 
ing of blue light. Such a differential light absorption certainly would 
make all stars appear redder. The presence of very blue stars, there- 
fore, points to the inefficiency of the light-scattering residue in space, 
provided the objects involved are sufficiently remote. As all studies of 
B-type stars (negative color indices) indicate a high absolute luminosity 
and relatively small dispersion around a mean value, such stars, when 
apparently faint, are an immediate and apparently reliable index of 
great distance, and distance is the most important factor in testing the 
scattering of light in space.’ 

The systematic increase of redness observed toward the center of 
the Hercules cluster‘ may be interpreted as a spurious effect caused 
by the crowding of images on the photographic plate, or as a scattering 
of light in the denser portion of the cluster itself. The former is almost 
surely the true explanation. ‘The possibility, however, that the latter 
cause contributes, suggests that the absence of light absorption in the 
direction of the Hercules cluster does not imply an inappreciable 
absorption in the lower galactic latitudes where stellar material appar- 
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ently is much more concentrated. Accordingly it becomes appropriate 
to investigate clusters in the Milky Way and the faint stars in the 
galactic clouds. The presence of negative color indices, or a normal 
range of color, in such regions, assuming of course the distances to be 
great, will indicate the essentially complete transparency of space 
throughout the whole stellar system. 

The position, with respect to the galactic plane, of the fields in which 
magnitudes and colors have been studied in the course of this work are 
listed in the following table. With two or three exceptions the regions 
are in or around stellar clusters. The fourth and fifth columns give 
for each region the limiting values of the color indices. In several of 
these fields the survey is not yet complete, and values somewhat larger 
and smaller may be found later. This applies especially to Messier 5 


PRELIMINARY RESULTS BEARING ON THE EXTENT OF THE GALACTIC SYSTEM 


rata Ea | fe canon deo 

TUDE | TUDE | Largest |Smallest| MAS. | INPEX| wee o9 | M=+2 

IM eS tC Ry os hej oboe b plese 12° | +78°|+1.77|—0.39| 15.1 |—0.16} 070001 | 0700024 
Mieke? ka 27 +40 |+1.42}—0.52] 16.54/—0.34] 0.00005} 0.00012 
Pilfessicr 15"... no. ee ees 33 —28 |+1.50/—0.21] 16.0 |—0.14} 0.00006} 0.00016 
emiCyemier le 60 | +13 |+1.33}—0.14) 12.64)/—0.02] 0.0003 | 0.0007 
Pnuhaceriae:: v.56. 69 — 3 |+1.58/—0.37| 12.65|—0.01} 0.0003 | 0.0007 
SE CSS GO Si) a a 139 + 1 |+2.12}—0.45) 13.5 |—0.16} 0.0002 | 0.0005 
Mlescter G0.) oye ee ees 142 + 1 |+1.50}/—0.30} 12.5 |—0.23}] 0.0003 | 0.0008 
PIESSIEE SO... ee aes 154 | + 3 |+1.31/—0.15) 11.5 |—0.07| 0.0005 | 0.0013 
Messier 5050... 0.05.00. e. 189 — 1 |+2.00/—0.04| 12.3 |—0.02] 0.0003 | 0.0009 
JU GEST 28 332 +46 |+1.67|—0.11] 14.6 |—0.10} 0.0001 | 0.0003 
Joe 0 354 | — 3 |4+2.23/—0.42] 14.2 |—0.14) 0.00015} 0.00036 
ICSSICE IE. ec ewe 355 — 3 |12.06/—0.16| 14.32}—0.08) 0.00014] 0.00034 
iGo 356 |-— 4 |+1.81/—0.14| 13.9 |—0.01] 0.0002 | 0.0004 

*Globular cluster. **Three stars. 


and Messier 3, for which the magnitudes of the fainter and probably 
more typical b-class stars are not yet available. The sixth and seventh 
columns give for each region the mean photovisual magnitude and mean 
color index of a group of the faintest blue stars. The average number 
in each group is ten. 

The accidental errors affecting the colors are so small that the dis- 
persion of color index and the negative and small positive values of the 
index cannot be attributed to observational uncertainty. The syste- 
_ matic errors have been carefully examined for several of these regions and 
they are similarly inadequate, at least as far as our present knowledge 
of them extends. The blueness of the faint and distant stars, thus 
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shown to exist for numerous directions in space, may be accepted, there- 
fore, as an indication of the general ineffectiveness of differential light 
scattering. This result also naturally implies the absence of all dim- 
inution of the intensity of light through the agency of interstellar media. 
The daily encounter of the earth with millions of meteors is frequent- 
ly cited as evidence of the prevalence of highly efficient light-scattering 
and light-obstructing material throughout interstellar space. Hf, as 
seems likely, the meteoric dust, which is closely allied to the meteoric 
streams and comets, is a definite and original part of the solar system 
and is not cosmic in origin and motion, this argument loses its force; 
and whatever extinction of light such matter produces, either in the 
solar system or in immediate gravitational field of other stars, is wholly 
unimportant in its bearing on stellar distribution and distances. 
Disregarding light absorption, we may compute for each region the 
parallax of stars of the tabulated mean photovisual magnitude, as soon 
as we know the mean absolute luminosity corresponding to the average 
color. Upon the basis of the researches of Kapteyn, Russell, Charlier, 
and others, we make two assumptions for the mean absolute magnitude 
of the blue stars, M = 0 and M = +2, and compute the results given 
in the last two columns of the table. For the globular clusters the 
smaller parallaxes are undoubtedly preferable, since in these systems 
we are certainly treating only the brightest of the bluer stars. More- 
over, the smaller value is in keeping with results derived by means of 
variables and other stars of high luminosity. For the open clusters 
the larger values of the parallax are probably better. In a few of the 
regions, however, the magnitudes and colors are provisional; and the 
adopted mean absolute magnitudes of B-type stars, though not im- 
probable, are of course somewhat uncertain. Hence the estimates of 
the extent of the galactic system (including its open clusters), and the 
indications of the relatively greater distances of the globular clusters, 
are here proposed as only preliminary results; their main value lies in 
the definite evidence of the vast dimensions of the visible stellar universe 
and in the problems suggested for further investigations along this line. 


1 Shapley, H., these PROCEEDINGS, 2, 1916, (12-15). 

2 Seares, F. H., fbid., 2, 1916, (521-525). 

3 Shapley, H., Mt. Wilson Contrib. No. 116, 1915, (1-92), pages 52-58 and 88. 
4 Tbid., pages 58-61. 
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THE HISTORY OF THE PRIMORDIAL GERM CELLS IN THE 
LOGGERHEAD TURTLE EMBRYO 


By H. E. Jordan 


DEPARTMENT OF ANATOMY, UNIVERSITY OF VIRGINIA 
Communicated by A. G. Mayer, January 20, 1917 


In view of the wide discrepancies in the published accounts of the 
germ-cell history in various vertebrates, it seems very desirable that 
the problem should be reinvestigated among a greater range of forms, 
and by additional workers. 

The present study represents an attempt to trace the complete early 
history of the genital cells in a peculiarly favorable form, and, in the 
light of this data, to correlate the mass of apparently discordant obser- 
vations recorded for other vertebrates. 

The material employed consists of embryos of the loggerhead tur- 
tle, Caretta (Thallassochelys) caretta, from the two- to the thirty- 
two day stage of incubation. Parallel series were prepared by the 
Flemming-iron-hematoxylin and the Helly-Giemsa technics. 

This material possesses the following combination of unusual advan- 
tages for such study: (1) it can be procured in great abundance; (2) the 
developmental process is relatively slow (the incubation period extends 
through fifty-six days), yielding thus a closely graded series of stages; 
and (3) the germ cells are abundant and at all stages sharply demarked, 
by size, shape, and nuclear and cytoplasmic characteristics, from the 
cells with which they seemed possibly to have been confused in some 
forms, especially the less differentiated yolk-laden entoderm cells, and 
certain blood granulocytes (eosinophiles). 

I am indebted to the kindness of the Carnegie Institution of Wash- 
ington and to Dr. Alfred G. Mayer, Director of the Department of 
Marine Biology, for the opportunity of collecting this material on 
Loggerhead Key, Florida, during the summer of 1914. 

The fundamental controversy concerning the history of the germ 
cells in vertebrates centers about the question of their relationship to 
the so-called ‘germinal epithelium’ of the genital ridge. Waldeyer! 
maintains that in the chick certain cells of the portion of the peri- 
toneal epithelium covering the primitive gonad differentiate into germ 
cells. Nussbaum? was the first to controvert this theory, claiming 
that the germ cells are early segregated (in trout, frog and chick em- 
bryos) from the soma cells and that they subsequently wander from 
originally widely scattered regions into the differentiating sexual glands. 
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These two rival theories have had their adherents to the present 
day. Gatenby,? for example, claims that in certain amphibia (Rana 
temporaria, Salamandra) the definitive germ cells arise by process of 
transformation of peritoneal cells, as first described by Waldeyer; in 
similar forms (Rana pipeins; Bufo lentiginosus) Allen* and King® claim 
that the definitive germ cells (gonia) and the primordial germ cells are 
the same, the former being genetic derivatives of the latter, and that 
neither are genetically related to the peritoneal epithelium. 

A number of investigators, e.g., Felix,® Firket’? and Dustin® claim 
the existence of two generations of germ cells, the primary and sec- 
ondary genital (sex) cells or gonocytes. The earlier generation is sup- 
posed to have only a phylogenetic significance and to early disappear 
after a more or less nomadic career; while the later generation is claimed 
to have its origin from the cells of the peritoneum covering the gonads. 

As regards the chick, Nussbaum’s original claim is now fully sus- 
tained both on the basis of morphologic and of experimental data. 
Swift? has discovered the original entodermal locus of the primordial 
germ cells in this form in a cephalic crescentic area, in the early primi- 
tive-streak stage. As the spreading mesoderm invades this region 
the germ cells become largely involved in the blood vessels, by which 
they are carried to the splanchnic mesoderm of the hind-gut region; 
from whence, by ameboid activity, they wander up the forming mesen- 
tery and across the celomic angle into the developing gonads. An 
unbroken lineage has now been traced by Swift'®"™ between these 
primordial germ cells of the gonads and the odgonia and spermogonia 
of the ovary and testis respectively, without any contribution from 
the peritoneal epithelium. Reagan!? has put Swift’s observations 
to a crucial experimental test by removing the crescentic germ-cell 
area of the primitive-streak stage, and reincubating such operated 
specimens. Sections of such chick embryos revealed a complete lack 
of germ cells. 

Subsidiary more important matters concern the migration route 
of the primordial germ cells, and the possibility of a persistence of 
latent ‘stray’ germ cells to serve as possible future foci for neoplasms. 
In the chick (Swift) and in the duck (von Berenberg-Gossler’) the 
germ cells are said to migrate largely via the blood vessels. These 
observations involve the possibility of a confusion with hypertrophied 
blood granulocytes. Moreover, von Berenberg-Gossler records the 
anomolous observation that in the lizard, Lacerta agilis, ‘primordial 
germ cells’ (‘entodermal wandering cells’) contribute to the formation 
of the caudal extremity of the Wolffian duct. He regards these cells 
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as representatives of a dilatory process of mesoderm derivation from 
entoderm. 

As regards amphibia, the later observations incline Allen to con- 
clude that in anurans the germ cells have an entodermal origin (i.e., 
original segregation), in urodeles a mesodermal origin. 

The germ-cell history of Caretta is very similar to that first described 
by Allen!® for Chrysemys marginata—and more recently confirmed by 
Dustin’® —and to that described by Woods?’ for the dogfish. This 
may be summarized as follows: 

1. The primordial germ cells in Caretta migrate during the second 
day (5 somites; 2 mm. length) from the yolk-sac entoderm, where 
they were more or less widely scattered caudally, into the lateral bor- 
der of the area pellucida on each side of the embryonic disc. Here 
they become sharply segregated by the beginning of the third day 
(10 somites; 3 mm. length) into bilateral cords situated in the ento- 
derm of the area pellucida laterally, in the caudal half of the disc. In 
the two-day embryo they extend from the neurenteric canal to the 
end of the primitive streak; in the three-day embryo from the sixth 
somite to the caudal extremity of the streak. The cords become more 
medially placed, make a linear connection with the overlying visceral 
mesoderm, and their cells migrate during the fifth day into this meso- 
derm, and thence medially (during the sixth and seventh days) towards 
the root of the forming mesentery of the closing hind-gut. Individual 
cells migrate medially also within, or back into, the entoderm of the 
gut. The germ cells in the medial entoderm become included in the 
tunica mucosa of the closed hind-gut, those in the mesoderm in the 
enveloping mesenchyma and the gut end of the mesentery. From 
these locations the majority of the germ cells subsequently (seventh 
to twelfth day) migrate up the mesentery and across the celomic angle 
into the future sexual gland. They become incorporated among the 
mesenchymal cells of the gland and the covering peritoneal epithelium, 
where they suffer no striking change in form, size or content at least 
as late as the thirty-second day of incubation. 

2. The germ cells migrate by ameboid activity, assisted in small 
part probably by the factor of unequal growth, involving the shift- 
ing of the medial portion of the splanchnopleure to the mesentery, 
and the dorsal portion of the mesentery to the gonads. 

3. The migration period is not sharply limited. It is at its height 
from the seventh to the twelfth day, and practically ceases about the 
sixteenth day. But occasional extra-regional cells may still be found 
in the gut and mesentery at the thirty-second day stage, usually, how- 
ever, showing signs of degeneration. 
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4. A certain number of germ cells migrate out of the regular germ- 
cell route and go astray. Such ‘strays’ are especially numerous in the 
periaortic mesenchyma where they may become incorporated among 
the neuroblasts of the developing peripheral sympathetic ganglia. The 
majority of these strays probably degenerate im situ, but some may 
possibly persist to form, under the proper pathologic stimulus, a focus of 
neoplastic growth. An occasional cell is found also in the blood ves- 
sels of this region. Such may be carried by the blood stream to dis- 
tant regions and perhaps again enter the mesenchyma or degenerate 
within the vessels. 

5. The total number of primordial germ cells counted in a twelve- 
day embryo is 352, the number within the gonads being about equally 
divided between the two (118, left to 127 right). 

6. Occasional cells may divide by mitosis or undergo degeneration 
at any stage of their history or at any point of the route. Mitoses 
are relatively more numerous during earlier stages and among the en- 
todermal cells; degeneration is more general during the later stages 
and in the mesenchyma of the closed hind-gut. 

7. No germ cells were found contributing to the formation of the Wolf- 
flan duct. There is no evidence in this form in support of von Beren- 
berg-Gossler’s claim, on the basis of his observations on the lizard 
embryo, that the so-called primordial germ cells represent simply a 
belated stage of mesoderm formation from entoderm. 

8. The germ cells do not differ from young somatic cells in the char- 
acter of their mitochondrial content. The mitochondria include granu- 
lar as well as beaded rod and filamentous forms. 

9. No transition stages between celomic epithelial cells and germ 
cells appear up to the thirty-second-day stage. From the sixteen-day 
stage on, when the nuclei of some of the germ cells within the gonads 
became coarsely granular and the reticulum stains more deeply, appar- 
ent transition stages occur between the larger of the mesenchymal 
cells and the smaller included subepithelial germ cells. But no secure 
histologic basis can here be found for separating the germ cells of the 
gonads into large ‘“‘primary genital cells” and smaller “secondary geni- 
tal cells” (Felix) or gonocytes (Dustin), derived by process of differentia- 
tion from the cells of the germinal (peritoneal) epithelium or the sub- 
jacent mesenchyma. ‘The size variations among the germ cells of the 
gonads of the older stages are no greater than in the original cords of 
the area pellucida or in the subsequent early stages; and the cytologic 
similarity between the two dimensional grades of cells is much closer 
than between the larger mesenchymal cells and the smaller germ cells. 

10. The evidence derived from a study of the Caretta embryos is 
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in complete harmony with the idea of a single uninterrupted line of 
sex cells from primordial germ cells to odgonia and spermagonia, and 
with the hypothesis of a vertebrate ‘Keimbahn’ or continuous ger- 
minal path. 

11. The variations in the distribution of the primordial germ cells 
during earlier embryonic stages described by various investigators 
for a number of vertebrate forms—as pertains both to their presence in 
blood vessels (chick, Swift; duck, von Berenberg-Gossler) and in various 
regions and tissues remote from the more direct and more usual ger- 
minal route (Wolffian duct and somatopleure in the lizard, von Berenberg- 
Gossler; and sympathetic ganglia in the loggerhead turtle, Jordan); 
and to their apparent primary (urodeles) or secondary (anurans and 
other vertebrates) derivation from the splanchnic layer of the lateral 
mesoderm—are incidental to their original location with respect to 
the embryonic area and the vascularizing mesoblast of the blastoderm, 
and to their ameboid capacity. Since the primordial germ cells are 
genetically directly related to neither of the secondary germ layers their 
origin in either (entoderm or mesoderm) has no fundamental significance. 
Since they are capable of ameboid activity, and may become included 
in blood vessels, they may migrate anywhere, and so occur in any lo- 
cation, from where they may subsequently migrate again to the more 
direct germinal path, or perhaps disintegrate. The fact of fundamental 
significance with respect to the primordial germ cells is their original 
extra-regional distribution and their direct genetic independence of 
the soma cells. 

A more complete paper, with illustrations, and a fuller review of the 
literature, will appear in a forthcoming volume from the Tortugas 
Laboratory of the Carnegie Institution of Washington. 
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STUDIES OF MAGNITUDES IN STAR CLUSTERS. VI. THE RELA- 
TION OF BLUE STARS AND VARIABLES TO GALACTIC PLANES 


By Harlow Shapley | 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, February 19, 1917 


The possibility of the invariable presence of axes of symmetry in 
globular clusters is attested by the results given in a recent communi- 
cation by Mr. Pease and the present writer.’ The observed elliptical 
distribution of stars may denote a prolate spheroidal form; or, as ap- 
pears more probable, it may signify the projection of a discoidal figure, 
in which case the axis of symmetry represents the lines of ntersection 
with the celestial sphere of the central plane of a system analogous in 
form to our own Galaxy. In any case the phenomenon of symmetrical 
elongation may be highly significant in problems of stellar dynamics, 
and as such is deserving of further study. 

One method of investigation is the study in globular clusters of the 
distribution of those objects which show a peculiar arrangement in our 
galactic system with respect to the plane of the Milky Way. It does 
not follow, of course, that they should also show condensation along 
a symmetrical plane in all large stellar systems, but it will be of interest 
and of much importance to know whether or not they do. 

Stars of spectral class B and the longer-period Cepheid variables 
are two types of objects which in the local system show a strong gal- 
actic preference. Data bearing on both of these are available for 
Messier 13—the only globular cluster for which a detailed study of 
magnitudes and colors has been made.” Earlier discussions of the dis- 
tribution with respect to the center of the brightest thousand stars 
of Messier 13 failed to show a definite tendency toward symmetrical 
elongation,’ but, from an investigation of some 30,000 faint stars in 
this system, we now know with considerable accuracy the position of 
its axis of symmetry. With the orientation of the density ellipse as 
a starting point, the bright stars have been rediscussed from the 
standpoint of color index. The method of treatment is sufficiently indi- 
cated in the earlier communication relative to axes of symmetry. 

The smooth dotted curve in figure 1 is based upon the count of 
10,000 stars between the seventeenth and nineteenth magnitudes, and is 
inserted merely to show the true position of the axis, and, by means cf 
the amplitude of the curve, to indicate the degree of the ellipticity. 
The ordinates are the percentage deviations of the number of stars in 
each 30° sector from the mean number for all sectors; the abscissae are 
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angles of direction from the center (expressed as position angles), the 
data for opposite sectors being combined into means. Compared with 
this dotted curve it is apparent that the thousand brightest stars, rep- 
resented by the full line, show little trace of the elliptical distribution. 
Of this group of bright stars, 130 have negative color indices. They 
correspond, at least approximately, to the B-class stars in our galactic 
system, which show marked galactic concentration. Their distribution 
is plotted in figure 1 as a broken line. Though the accidental varia- 
tions are influential, because of the relatively small numbers concerned, 
the elongation is definitely shown and the degree of concentration ap- 
pears to be about double that for the faint stars of all color classes. 
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Full line, brightest thousand stars; broken line with crosses, blue stars; dotted line, all 
stars between magnitudes 17 and 19. Ordinates, percentage deviation from the mean; 
abscissae, angle of direction from the center. 


There are seven variable stars in the Hercules cluster. Four of them, 
including the two that are known certainly to be Cepheid variables, 
are in the sectors that contain the axis of symmetry, and one is in an 
adjoining sector. As some allowance for the inclination of the supposed 
plane to the line of sight must be made, this proportion is as much as 
could be expected, even if all these are Cepheids and in their distribu- 
tion a strict comparability to the condition in our system is required. 

The elliptical form of w Centauri, the largest and brightest globular 
cluster in the sky, is immediately evident upon photographs that show 
several thousands of its stars. The apparent elongation was mentioned 
by Bailey in discussing the variable stars,‘ but was not considered in 
his discussion of the distribution.» That the star counts, as published 
by Bailey, verify the appearance of the photographs and show a dis- 
tinctly elliptical symmetry, has been noted in earlier papers.® 

The data upon which this conclusion was based are now given in the 
table, the thousand stars nearer the center than 3’ being excluded be- 
cause of the difficulty and consequent uncertainty in counting and ar- 
ranging the data in sectors. The successive lines of the table show that 
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the elliptical distribution is present at all distances from the center. 
The irregularities and other evidence of the lack of exact symmetry in 
this cluster, as well as in others, probably represent actual conditions; 
their significance may be much the same as that of the open star groups 
and the breaks in the Milky Way in the symmetry of our own galactic 


system. 
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The full line shows the distribution of all stars, the minimum corresponding to the direc- 

tion of the cluster’s galactic pole. The dotted line shows the distribution of variables. Or- 

dinates, percentage deviation of the number of stars in each sector from the mean for all 
sectors; abscissae, angle of direction from the center, expressed as position angle. 


There are 128 variables (nearly all short-period Cepheids) in w, Cen- 
tauri. Their distribution is given in the last line of the table, and their 
relation to the axis of symmetry is shown in figure 2. In the diagram, 
numbers for opposite sectors are combined and the percentage devia- 
tions from the means are plotted together with a similar curve for the 
five thousand stars of all kinds outside the central area. The preference 
for the sectors that lie along the axis of symmetry is very conspicuous, 
the relative amplitudes of the two curves showing that these short- 
period variables are three times as condensed toward the supposed plane 
of symmetry as the stars in general. A correction for superposed, stars 
increases the general ellipticity by about one-tenth of its amount. 
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The hundred or so brightest short-period Cepheids (cluster-type 
variables) in the galactic system do not show a marked concentration 
to the plane of the Milky Way. This result is not conclusive, however. 
There are hundreds of known variable stars in low galactic latitudes 
whose periods and variations are not yet recognized. If, as may well 
be the case, these prove to be short-period Cepheids which appear 
faint because of distance, though intrinsically fairly luminous, our ideas 
relative to their galactic concentration will need modification. In fact, 
we probably have much more complete information about the Cepheid 
variables in w Centauri than in our own system, and for the former the 
information is also homogeneous. 

Summary. (1) When based on photographs with exposures long 
enough to show ten or twenty thousand stars, the study of stellar dis- 
tribution in the so-called globular clusters reveals an underlying ellip- 
tical symmetry that may be universally present. (2) The 130 bright- 
est stars of color class B in Messier 13 show a distinct preference for 
the sectors containing the axis of symmetry, which was previously 
found for faint stars but is not shown by the thousand brightest objects 
of all color classes. (3) The Cepheid variables in Messier 13 also aline 
themselves along this axis. (4) The southern cluster w Centauri shows 
a conspicuous elliptical distribution, even when only the brightest 5000 
stars are examined. (5) The 128 short-period variables in this cluster 
show a much higher concentration toward the axis of symmetry than 
do the other stars. (6) Because of the analogous condition in our 
Galaxy, the peculiar concentration of blue stars and variables strongly 
supports the hypothesis that these axes of symmetry in reality repre- 
sent the projections of more or less oblate systems of stars; and it indi- 
cates that in this flattened form, which appears not only as a character- 
istic of various kinds of nebulae, but also of the solar system, of the 
whole galactic system, and now even of globular clusters, we have a 
property that is general and fundamental in the dynamics of stellar 
groups. 


1 Pease, F. G., and Shapley, H., these PRocEEDINGS, 3, 1917, (96-101). 

2 Shapley, H., Mt. Wilson Contrib. No. 116, 1915, (1-92). 

3 Ibid., page 87. 

4 Bailey, S. I., Ann. Obs. Harvard Coll., Cambridge, 38, 1902, (1-252), page 5. 
5 Bailey, S. I., Astr. and Astroph., Northfield, Minn., 12, 1893, (689-692). 

6 Shapley, H., loc. cit., and Observatory, London, 39, 1916, (452-456), page 456. 
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ZUNI CHRONOLOGY 
By Leslie Spier 


AMERICAN MUSEUM OF NATURAL HISTORY, NEW YORK 
Communicated by H. F. Osborn, February 19, 1917 


In connection with ethnological studies in the southwestern United 
States, the American Museum of Natural History is conducting an 
archeological survey of the same area. This provides the necessary 
background for a complete understanding of the ethnography of the 
region. While much energy has been expended in the Southwest, chief- 
ly on the description of cultures, little progress has been made in the 
delineation of its culture-history through want of a chronology for the 
region. | 

The problem takes definite form when related to the ethnologic 
study of the social structure of the Zufi tribe now being made by Prof. 
A. L. Kroeber of the University of California. It is conceivable, for 
instance, that a far-reaching effect may have resulted from the concen- 
tration of the Zufis into a single huge community from their several 
villages of early historic times (the famous ‘Seven Cities. of Cibola’). 
What can archeological method tell us of the former groupings of these 
people, of their ultimate origin and their relations with other peoples? 
The answer to the problem rests on the establishment of a chronology 
which will order the confused mass of cultural data into a culture- 
history. 

The possibility of attacking the problem in the vicinity of Zufii itself 
was made clear by the richness of the finds of the Hemenway expedition 
of 1888 under Cushing, Bandelier, and Hodge, by a later hasty recon- 
noissance of the region by Fewkes in 1890,! and finally by Kroeber in a 
suggestive study incidental to his ethnologic work in 1915 which in- 
dicated the main direction the chronology would take.? The present 
study was undertaken by the writer in the summer of 1916. 

The pueblos of the Zufi tribe occupy a strategic position for the 
study of the Southwest. They lie on the headwaters of the Little 
Colorado River in central western New Mexico, occupying a central 
location in the area. The two great areas of ruined pueblos lie one 
along the northern margin of the Southwest culture province in the 
drainage of the San Juan, the other along its southern margin in the 
Gila and Salt River watersheds. To the east, the occupied villages of 
the Pueblo Indians stretch along the Rio Grande, and from that center 
an extension of the modern culture including Zuni stretches westward 
into northern Arizona. We now have Nelson’s partial chronology of 
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the Tano tribe? and Kidder’s suggested sequences for the Pajarito pla- 
teau’ and for Pecos pueblo,° all on the Rio Grande. A chronology from 
the western section of the Pueblo area is therefore a desideratum. 

The procedure involved in this task presents some novel aspects. 
Simultaneously in 1915, N. C. Nelson, A. L. Kroeber and A. V. Kidder 
arrived by three different inductive methods at the same conclusion, 
viz., that the characteristic Southwestern pottery was of the highest 
evidential value for the purpose of reconstructing the sequence of pueblo 
occupation, or, in the widest sense of the term, establishing a chronol- 
ogy. Their methods of reconstruction were respectively stratigraphic 
observation of refuse deposits, the hypothetical ranking of surface finds 
and the observation of concurrent variations, and the hypothetical 
seriation of the several pottery techniques. Of these three methods, 
the advantages rest with the first, but its application in the case of 
Zuni finds was precluded by the shallowness of the refuse deposits at 
most of those ruins. The writer was therefore led to combine the 
two methods of stratigraphic observations and hypothetical ranking of 
surface finds. 

Where stratigraphic observations could be made it was observed 
that the variable value of one fluctuating pottery type, ‘corrugated’ 
ware (so named for its characteristic plastic decoration), could serve 
as an index of stylistic variations in the whole pottery art. On analyz- 
ing for their type content the samples of potsherds collected from the 
surface of ruins for fifty miles up the Zufi valley and from their refuse 
deposits, it was found that the resulting data fell into two groups. In 
both groups corrugated ware was present in the samples in amounts 
varying from 2% to 60%, but in each group the accompanying wares 
differed in type or in proportions, or both. For instance, samples of 
sherds collected from two ruins showed corrugated ware present in 
each to the extent of 40% of the whole pottery art, but associated with 
this at one ruin was 60% of a white ware, while at the other 23% of red 
ware and but 37% of white were found. For synthetizing these data 
we had at hand three premises: some of the ruins were claimed by the 
Zufi as their former villages and others were so mentioned in historic 
records, the whole group of ruins stand somewhat isolated from other 
groups in the Southwest, and finally, the decorations on the pottery 
found in them had sufficient individuality to set off the whole group 
from the rest of the Southwestern ruins. 

To synthetize these data we had two guides. It became clear while 
making stratigraphic observations at the historic ruins that while cor- 
rugated ware is represented to the extent of only 2% in historic ruins 
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and in modern Zufi, it had played a larger réle in the pottery art of 
earlier times. Similarly, the oldest remains in the valley showed an 
analagous variation in the use of corrugated ware, but in the opposite 
direction suggesting its coming predominence at a later period. Assum- 
ing then that we had here the end and the beginning of a stylistic pulse 
—an assumption made strongly presumptive by observed sequences in 
other sections of the Southwest—we ranked the data according to the 
ascending values for corrugated ware up to the maximum and then 
in descending order to the values for the recent villages. The validity 
of such procedure lies in the observed seriation of the accompanying 
wares: when a series of three or more distinct, but mutually dependent 
values are ranked according to some postulated sequence for one, and 
the other values are found to present serially concurrent variations, it 
may be safely concluded that the result is other than fortuitous. The 
results in this case amply justified the assumption. ‘The fluctuations 
in the ceramic art of the Zufi thus stand revealed and are directly 
translatable in chronological terms. 

The results obtained from the application of this chronology were 
the following: 

1. The chronological scale itself shows a sequence of the pottery 
types, or rather of the predominating wares in the order of white, cor- 
rugated, red, black, and with the last buff and white. Of these black 
is a dull unsliped ware, corrugated shows the familiar indented coils, and 
the decorated wares are black-on-white, black-on-red, black and white- 
on-red, brown-on-buff, and brown and red-on-buff, and the modern 
varieties of white ware. The sequence of the techniques parallels 
Nelson’s for the Tano ruins in its general outlines: two color and later 
three color painted ware, two color glazed ware, three color combina- 
tion glazed and painted ware, and modern painted wares, with corru- 
gated ware appearing at all times and black ware in later periods. 

2. The Zufi valley has been occupied continuously from an early 
period. The occupation has been transitory, no site being occupied for 
any considerable period. Certain major shifts of population are observ- 
able however: first to the northeast and east barely crossing the continental 
divide, later a return to the Zufi basin still occupied by the Zufis. 

3. The Zufis first occupied single houses and later communal dwell- 
ings o. the well-known Pueblo type. The former are uniformly small, 
the latter rectangular or circular structures of considerable extent. It 
is not clear that the first type developed into the communal dwelling. 
This sequence of architectural types has been often postulated by older 


writers, but never proved. 
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The problem has then found a partial solution, inasmuch as we have 
traced the growth of Zufi communities and the ancient isolated char- 
acter of their habitat. On the other hand the evidences for cultural 
isolation lie only in the development of such items as pottery designs of 
specifically Zufiian character, the general nature of their culture-history 
as a whole showing a common growth with their Rio Grande neighbors. 

The few data now at hand for the Southwest suggest a marked uni- 
formity of culture throughout that area from the earliest times, with 
the gradual individualization by the several tribes of certain minor 
culture traits. 

Whatever its specific results, this study has shown that the method 
of assumed seriation can be applied to archeological phenomena. So 
far as the method is concerned, the novelty lies in its application to 
American culture-history. 

The full data will be published in the Anthropological Papers of the 
American Museum of Natural History. 


1 Fewkes, J. W., J. Amer. Ethn. Arch., Boston, 1, 1891. 

2 Kroeber, A. L., Anthrop. Papers Amer. Mus. Nat. Hisi., New York, 18, 1916; these 
PROCEEDINGS, 2, 1916, (42-45). 

3 Nelson, N. C., Amer. Anthrop., N.S., 18, (159-180). 

4 Kidder, A. V., Memoirs Amer. Anthrop. Assn., 2, (407-462). 

5 Kidder, A. V., these PROCEEDINGS, 2, 1916, (119-123). 


THE AGE OF THE BOLIVIAN ANDES 
By Edward W. Berry 


GEOLOGICAL LABORATORY, JOHNS HOPKINS UNIVERSITY 
Communicated by H. F. Reid, February 26, 1917 


During the joint explorations of Messrs. J. T. Singewald, Jr., and B. 
L. Miller in South America extending over several months in 1915 fossil 
plants were collected at two localities in the highlands of Bolivia. One, 
an entirely new locality at Corocoro! near the western edge of the aliz- 
planicie or high plateau of Bolivia and the other at Potosi in the Cor- 
dillera Real or Eastern range of the Andes, from which fossil plants had 
previously been described by both Engelhardt? and Britton.* 

In the series of volcanic tuffs which contain the fossil plants at the 
latter locality and from a slightly lower level a few marine fossils were 
collected and as the age of these tuffs has never been determined and as 
they throw an unexpected light on the age of the eastern range of the 
Bolivian Andes and of the extensive mineralization of that region a brief 
preliminary announcement seems desirable. 

Although the textbooks tell us that the Andes date from Cretaceous 
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times the evidence is accumulating that their final elevation was only 
accomplished in the late Tertiary or even in the Pleistocene and there 
is some evidence that this upward movement is still going on. Thus 
Steinmann considers the dioritic rocks of the copper belt as of late Ter- 
tiary age and Stille’ states that the uplift of the eastern cordilleras in 
Colombia must have been in the late Tertiary because of the part taken 
in the movement by the Miocene Honda beds. Neither Engelhardt nor 
Britton in their studies of the fossil plants from Potosi venture beyond 
Tertiary in their age determinations. In my own work I have always 
regarded this flora as probably of Pliocene age because of its resemblance 
to the existing flora in this general region. The collections made by 
Singewald and Miller but emphasize the opinion that the flora is very 
young and I am not yet sure that it will not eventually have to be con- 
sidered Pleistocene. 

More spectacular than the floral evidence is that of the fauna which 
is found in the same series of tufaceous materials at a somewhat lower 
level. The only determinable form is a new species of Discinisca which 
has been determined by Professor Schuchert, who will describe it in the 
final report on this region. Professor Schuchert states that this form 
is related to the existing Discinisca lamellosa (Broderip) which is found 
in shallow water along the west coast of South America from Panama 
to Chile, and that it cannot be older than Miocene and may be Pliocene 
or Pleistocene. 

The extreme youthfulness of these beds indicated by the Brachiopod 
and confirmed by the more extensive evidence furnished by the flora 
shows that the sea deposited a part of these strata in late Tertiary or 
Pleistocene time and since that time there has been differential vertical 
movements amounting to a minimum of 13,500 feet. 

The fossil plants denote a much more humid climate than prevails 
today in this region. For example at Corocoro which now lies at a little 
over 13,000 feet above sea level, the country is practically a treeless 
desert. The fossil plants from this locality include a fern (Polystichum), 
fruits of Terminalia and Copaifera, both tropical trees of the eastern 
subandean hills and Amazon Basin; leaves of Mimosa arcuatifolia Engel- 
hardt, Mimosites linearis Engelhardt, Acacia uninervifolia Engelhardt, 
and Cassia ligustrinoides Engelhardt, the last four common to Potosi 
and suggestive of the existing deciduous forests of the so-called Pan- 
tanales region of the eastern plains of Bolivia. 

If the moisture carrying winds were from the east at that time as they 
are at the present time, the lowering of the eastern Andes would enable 
such a flora to flourish in the present inter montane region. 
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The flora from Potosi is extensive and not yet fully elaborated. It 
includes about sixty species and the following genera are represented: 
Acacia, Acrostichum, Amicia, Caesalpinia, Calliandra, Capparis, Cassia, 
Copaifera, Cuphea, Dalbergia, Desmodium, Drepanocarpus, Enterolo- 
bium, Escallonia, Euphorbia (?), Festuca, Gaylussacia, Gymnogramme, 
(?), Hedysarum, Inga, Lomariopsis, Lonchocarpus, Machaerium, Mi- 
mosa, Mimosites, Myrica, Myrteola, Passiflora (?), Peltophorum, Pithe- 
colobium, Platipodium, Poacites, Podocarpus, Polystichum, Porliera, 
Ruprechtia, Sweetia, Terminalia, and Weinmannia. 

A perusal of these genera, already recognized, is sufficient to convince 
any botanist or indeed any visitor to the region, that this flora is very 
different from that now found in the Potosi region. While the botanical 
exploration of the present Bolivian flora leaves much to the future it 
is obvious that if we seek for representatives of this fossil flora in the 
recent flora of Bolivia, nearly all the genera are to be found represented 
in the more or less well watered country east of the present eastern range, 
and particularly on the lower eastern slopes. Moreover most of the fos- 
sil species are very close to still existing species of the latter region and 
this resemblance is so close that I cannot conceive of this flora being 
older than Pliocene. 

There is then definite evidence that parts of the high plateau and of 
the eastern Cordillera stood at sea level in the late Tertiary. 


1 Singewald, J. T. Jr., and Miller, B. L., Engin. Min. J., New York, 103, 1917, (171-176). 

* Engelhardt, H., Dresden, Sitz-Ber. Isis, 1887, Abh. 5, (36), 7 figs.; [bid., 1894, Abh. 
1, (1-13), 1 pl. 

3 Britton, N. L., New York, Trans. Amer. Inst. Min. Engin., 21, 1893, (250-259), 

‘Stille, H., Geol. Studien im Gebiete des Rio Magdalena, von Kénen Festschrift, 1907, 
p. 356. 


LARGE CURRENT-RIPPLES AS INDICATORS OF PALEOGEOGRAPHY 
By Walter H. Bucher 


DEPARTMENT OF GEOLOGY, UNIVERSITY OF CINCINNATI 
Communicated by J. M. Clarke, January 28, 1917 


In the Eden and in parts of the Richmond Group (Upper Ordovician) 
large ripples, measuring 50 to 150 cm. from crest to crest, are rather 
common throughout the region of the Cincinnati Anticline, in Kentucky} 
Indiana,” and Ohio.’ From a careful study of very numerous rippled 
layers of these formations in southwestern Ohio and north-central 
Kentucky, of 13 rippled layers in the Brassfield formation of east-central 
Kentucky’ and of one in the Blackhand formation (Mississippian) of 
eastern Ohio,** the following data were obtained: 
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1. The crests of all large ripples are broadly rounded like the troughs. 
More than half of all seen in limestones of the Ordovician and Silurian 
of the Cincinnati Anticline were more or less symmetrical; the others 
are distinctly asymmetrical. 

2. Not one showed any sign of assortment. Shells of Rafinesquina, 
over 5 cm. long and wide, Bryozoans 8 to 10 cm. long and over 1 cm. 
thick, and, in the Richmond, calices of Streptelasma, over 10 cm. 
long and over 3 cm. wide are found scattered equally over crests, sides 
and troughs of the ripples, mixed in a most any proportion with finer 
shell fragments down to the finest matrix filling the interstices. The 
same broadly rounded, symmetrical crests with complete absence of 
assortment of any kind were observed in ripples measuring 145 cm. 
from crest to crest in the conglomeratic Berne member of the Black- 
hand formation. Here, pebbles of +0.5 cm. diameter are uniformly 
mixed with coarse and fine sand. 

In the growth of oscillation ripples, the to and fro motion of the 
oscillating current produced by waves on the bottom of a water body 
involves a constant tossing of the grains. This results in a sifting 
and complete assorting of the grains. Its absence in the large ripples 
in question proves that they have not formed by the action of waves, 
but of some current. Clues to its nature are found in the following 
observations. 

3. In Kentucky the Brassfield formation of the Silurian east of the 
Cincinnati Anticline shows one or two rippled layers within its 18 feet 
of thickness. West of it no traces of ripples were found according to 
Foerste.2 The ferruginous oolitic facies of the same formation is also 
limited to the east side of the anticline, extending over a distance of 
nearly 120 miles from Madison County, Kentucky, to Clinton County, 
Ohio, in a belt running roughly north-south (perhaps slightly east of 
north). On the west side of the Anticline nothing but a salmon brown 
color of the limestone betrays the (relative) neighborhood of ferruginous 
deposits.° From this the inference appears justified that the shore- 
line of the Brassfield sea was somewhere to the east with a general north- 
south trend. 

Of the 13 measured exposures of rippled layers in the Brassfield, 
ranging over a distance of nearly 50 miles, 12 showed directions of strike 
between N 50 W and N 110 W, averaging N 76 W, i.e., at right angles 
to the direction of the assumed shore-line. The current, therefore, 
must have run parallel to this shore-line. This excludes the undertow 
and similar currents from discussion. 

4. Large current-ripples are found only on rocks of relatively coarse 
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grain, as conglomeratic sands (Blackhand formation) or fragmental 
limestones, never on fine-grained sediments, e.g., on dense blue argil- 
laceous limestones. These are, however, frequently covered with small 
current-ripples, ranging in wave-length from 1 to 30 cm., and are often 
interstratified with fragmental limestones of coarse grain covered with 
large ripples and separated from them only by thin layers of shale. 
The calcareous layers show delicate tracks of gastropods or trilobites 
well preserved which practically exclude any current action. 

This seems to indicate that the current in question varied in intensity 
from a maximum to nil, in relatively short intervals. The finer sedi- 
ments could record only the weaker movements, as stronger currents 
would have thrown them into suspension. 

5. In the Ordovician, I have repeatedly found large asymmetrical 
ripples on two successive limestones, not more than a foot apart, with 
nearly the same strike, but with their lee sides facing in opposite direc- 
tions. The current, therefore, reversed its direction in relatively short 
intervals. 

Observations 4 and 5 exclude ocean currents of larger dimensions, 
while they point consistently to tidal currents. These, too, are the 
only marine currents, flowing parallel to the shore-line, in which veloci- 
ties of at least 1 m/sec., which seem necessary to produce the effects 
observed, are found over large areas. 

In 1901 Cornish’ described from the English Coast large current- 
ripples corresponding closely to those observed in the fossil state. On 
open shores, such as at Mundsley (Norfolk, p. 183), above the mouth 
of Barmouth Estuary (p. 173), or especially on the Goodwin Sands 
(p. 189), about six miles off the shore of Kent, these tidal ripples in- 
variably trend at right angles to the shore, often at right angles to the 
waves. On the open shore, too, their wave-length is the same as that 
of most large Paleozoic ripples, while those observed in estuaries, where 
the velocity of the tidal current is greatly increased, have a greater 
wave-length. i 

I therefore infer that the large current-ripples described were pro- 
duced by tidal currents. Those of the Brassfield formation in Ken- 
tucky offer a direct analogy to those of the English Coast. 

The ripples of the Lorraine and Richmond Formations, however, 
offer an additional problem. 

1. They are not limited to a relatively narrow zone in the neighbor- 
hood of the shore, but formed (probably more or less synchronously) 
throughout the area of the Cincinnati Anticline, that is, over an area 
of at least 15,000 square miles and probably much more. 
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2. They trend in all directions, although a north-south trend is more 
common than an east-west trend. 

At first sight this seems to offer a serious objection to my interpreta- 
tion, since in open waters the direction of the current passes through 
all the points of the compass in the course of twelve hours, which would 
render the formation of permanent ripples impossible. The following 
observations, however, offer a clue to this problem. 

In 1881 Hunt?’ visited the broad open gulf of Torbay on the south 
shore of Devonshire two weeks after a heavy storm. In Midbay, at 
a depth of over 12 meters, where the bottom usually is a soft muddy 
sand that clogs the dredge in a few minutes, he found the ground hard, 
producing “not a single shell or a particle of the usual muddy sand.’’ 
Four weeks after the storm “the ground was still very hard, both the 
dredge and a fishing-lead tied to a line bumping along as though over 
ridges.”’ Over six weeks after the gale the same spot had returned 
to its normal state. 

Similarly, Cornish? found Pegwell Bay (Kent), in which ordinarily 
the tide never produces anything but small current ripples, covered 
with large tidal ripples after a heavy gale blowing into the bay. 

These observations indicate that the drift produced by periods of 
storms may so strengthen the tidal current as to produce large current 
ripples. This I suggest as the probable origin of our large Eden and 
Richmond ripples. 

The ripples observed by Hunt formed at a depth of over 12 meters 
with a tide of over 2 meters. In open waters the range of the tides and 
the velocity of the resulting currents would be much smaller than in the 
channel. With gales of similar strength, therefore, the same mechanical 
effect of the currents would be possible only at a much smaller depth of 
water. Allowing, however, forextreme conditions, wemay safely say that 
it is probable that our Ordovician ripples formed in water less than 25 
meters deep rather than more. The Persian Gulf offers an interesting 
analogy. With an area of about 90,000 square miles, it has a mean 
depth of but 25 meters.1° The tidal range along all its shores is 3 to 
ofa meters 

The fact that at least three independent factors must combine for 
the production of these ripples, namely sufficiently strong tidal action, 
storms, and small depth of the water, explains why such large current 
ripples are not found in other seas, the sedimentary record of which 
is otherwise almost identical; e.g., certain parts of the Middle Triassic 
Muschelkalk of Western Europe. 
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A fourth factor of no less importance is brought out by consideration 
of the following facts: 

1. The formations of the Upper Ordovician consist essentially of the 
following sedimentary units, interstratified in irregular order: (a) Cal- 
careous shale, varying from highly fossiliferous to barren. (b) Dense, 
blue, argillaceous limestones, mostly barren (except in many cases the 
surfaces of the layers). (c) Fragmental limestones, varying from fine- 
grained to regular shell breccias. 

2. None of these units have a great horizontal extent, i.e. all formed 
simultaneously on different parts of the sea bottom. 

3. The shale may have any thickness, while the limestones are seldom 
over one foot thick. 

4. Single valves of brachiopods and isolated joints of Crinoids are 
common in the shales. 

5. The dense argillaceous limestones almost always show delicate 
cross-bedding. 

6. Current-rippled fragmental limestones are always overlain by 
shale. 

7. In fragmental limestones thin and delicate shells and skeletons are 
commonly found broken, but the fossils in general show little wear. 

8. Large current-ripples are found in such formations as show a 
predominance of shale over limestones, e.g., the Eden and parts of the 
Richmond formations. They are absent, however, where limestones 
predominate, especially in the Fairview and McMillan formations. 

9. Fragmental limestones dominate in the Fairview and McMillan 
formations and show ample evidence of a stirring of the sediment, often 
of violent character, as e.g., the Rafinesquina breccias of the Bellevue 
horizon. 

From these data I conclude that the typical sediment of the Upper 
Ordovician seas in the region which now forms the Cincinnati Anticline 
was a clay with an abundant animal population, varying in density 
from place to place. The almost constant agitation of the sea bottom 
(obs. 4 and 5) furnished the fine shell powder which mixed with the 
clay, gives it its calcareous character.!2 Densely populated areas 
supplied it, especially after periods of storms, to adjoining areas of 
scarce population in sufficient quantity to form argillaceous limestones. 
This areal relation explains why argillaceous limestones are generally 
poor in fossils if not entirely barren. 

During exceptional periods of storm many feet of the muddy sedi- 
ments were thrown into suspension. In order to cloud water 20 to 
50 meters deep with sediment, as has been observed repeatedly in the 
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channel and on the banks of Newfoundland", a considerable thickness 
of sediment must be stirred up. The heavier particles, shells and skele- 
tons, however, are concentrated on the bottom, drifting with the cur- 
rent and eventually thrown into large current ripples. The relatively 
short duration of this current action explains observation 7. The sus- 
pended clay settled later, forming the layer of shale overlying the rip- 
pled limestone layers (observation 6). Since the thickness of sediment 
which could be thrown into suspension during such storm periods is 
limited, the thickness of the resulting fragmental limestone is limited, 
while shale on shale could accumulate indefinitely as long as no abun- 
dant animal population settled on it (observation 3). The rippled layers 
were preserved if sufficient shale was added between two exceptional 
storm periods to prevent the stirring of the sediment from reaching 
down to it. A decrease of the clay supply, however, would reduce the 
rate of sedimentation and allow ordinary storm waves to expose the 
fragmental layer, which, under the action of the shifting normal tidal 
current, would suffer a surficial redistribution of material, resulting 
in complete leveling of the surface. A sufficient rate of sedimentation 
must, therefore, be considered as a fourth factor determining the forma- 
tion of large current ripples (observation 8). 

From the above it follows that the rough rhythm of sedimentation, 
shown by the recurrence of fragmental limestones between shales and 
argillaceous limestones, is due to the interference of two, probably not 
strictly periodic processes: the shifting of the centers of animal popula- 
tion on the sea bottom and the occurrence of storm periods of excep- 
tional violence. 

If the interpretation presented above is correct, the geographic con- 
ditions indicated by the large current ripples of the Upper Ordovician 
of the Cincinnati Anticline may be summarized as follows: 

1. A sea having sufficient connection with the open ocean to allow 
relatively high tides. 

2. Sufficient area to permit the formation of strong winddrifts in 
most directions during periods of storms. 

3. A depth small enough to admit of a strong action on the bottom 
sediments by winddrift and tidal current combined, probably 25 meters 
or less on the average. 

4. Atmospheric conditions providing for the occurrence of storms, 
blowing from all points of the compass, such as tropical cyclones or 
those of intermediate latitudes. 


1Linney, W. M., Rep. Geol. Garrard Co., 1882, (16); Washington Co., 1882, (10-11); Lin- 
coln Co., 1882, (13); Mason Co., 1885, (8); Bath and Fleming Cos., 1886, (10, 62-69); Shelby 
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THE BEARING OF SELECTION EXPERIMENTS WITH DROSOPHILA 
UPON THE FREQUENCY OF GERMINAL CHANGES 


By Edwin Carleton MacDowell 


STATION FOR EXPERIMENTAL EVOLUTION, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by C. B. Davenport, March 5, 1917 


Biologists generally agree that changes in the germ plasm do occur. 
On the other hand, there appears to be considerable disagreement re- 
garding the frequency of these spontaneous changes. Some experi- 
ments, as illustrated by the work of Pearl, Hj. Nilsson, De Vries, Tower, 
and Johannsen, are more easily analyzed by supposing that changes in 
the germ plasm occur very rarely in comparison with the number of 
generations of individuals studied, so that the origination of new races 
by selection is not generally possible. Other experiments, notably those 
of Castle, Smith, Middleton, and Jennings (on Difflugia),? have been in- 
terpreted as showing that such changes are occurring so frequently that 
they may be found in each generation, and so afford a basis for selection 
to make continuous progress. As long as different experiments lead 
their authors to such different conclusions, no broad generalizations as to 
the scope of the evolutionary significance of selection may be drawn 
without the most intimate and critical consideration of all other related 
investigations, and, accordingly, all additional evidence that may be se- 
cured has an important bearing. 

The familiar Mendelian units are currently conceded to arise sud-. 
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denly, as conspicuous changes, or mutations. But the question is not 
settled as to how frequently, after their appearance, further changes may 
occur in these units. It is upon this special phase that the results here 
presented have their bearing. 

Most banana flies (Drosophila ampelophila) have four conspicuous 
bristles on their backs. A mutation occurred which permitted more 
than the normal four bristles to develop in this special region of the back. 
From one pair of flies produced by germ plasm bearing this mutation, an 
extra-bristled race was established (MacDowell). This race was distin- 
guished from the normal wild race by one Mendelian unit, as was shown by 
crosses which gave first generations with no extra bristles and second gen- 
erations (F.) in which one quarter of the flies had extra bristles. The 
number of extra bristles in this race was variable; experiments showed 
that this was largely due to the amount of food eaten during the develop- 
ment of the flies. Large flies, those from flourishing culture bottles, 
had numerous extra bristles, while small flies, those from mouldy, or 
old, dried up cultures, had few, or even no extra bristles. But even 
when no extra bristles developed, these flies, when given fair breeding 
conditions, produced offspring all of which had extra bristles. To dis- 
cover any changes in the inherited basis of this character (extra bristles), 
selection for increased bristle-number was carried on for 49 generations. 
During this time every mating was made between brothers and sisters 
in pairs. Considerably over 100,000 bristle-counts form the basis of 
the following discussion. 

Two conditions must be met before selection can modify the means 
of arace. First there must be genetic differences between individuals, 
and second, these differences must be manifest to some extent in the 
somatic structures of the individuals. In other words there must be 
some tendency for extreme variates to bear extreme germ plasm. 
To measure this relation between soma and germ plasm, the coefficient 
of correlation is especially fitted. It is an expression of the degree ol 
similarity existing between parents and offspring. All the data ob- 
tained from the inbred extra-bristled race were cast into tables corre- 
lating the grades of the parents and their offspring in each generation. 
The coefficients calculated from these tables show that there is an un- 
questionable positive correlation between the grades of the parents and 
offspring in the first six generations; the coefficients for these generations 
are statistically significant. In the subsequent generations no further 
evidence of any positive correlation is to be found that has biological 
significance. The coefficients are sometimes plus and other times minus, 
but without any consistency or regularity. In most cases they are not 
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significant in comparison with their probable errors; in some cases they 
are clearly significant. This means that in most cases there was no 
tendency for high grade parents to have higher grade offspring than low 
grade parents. In individual generations higher parents did produce 
offspring of somewhat higher grade, but then in others higher parents 
actually produced offspring of lower grade than did the lower grade 
parents. These facts indicate great independence between the grades 
of parents and offspring in all but the early generations; they lead one 
to expect to find that the selection of high variates during the early 
generations has modified the means of the race, but that later on the 
same process has failed to make further progress. What actually 
happened is shown in figure 1, which represents the means of the high 
selected race. 
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FIG. 1. MEANS OF THE OFFSPRING FROM 49 GENERATIONS OF SELECTION FOR 
INCREASED NUMBER OF EXTRA BRISTLES 


Due to a change in method the means in generations following the 29th tend to be higher, 
and therefore can not be compared with the preceding ones. 


The means of the males are consistently lower than those of the females, 
but the close parallelism of the curves serves to substantiate the correct- 
ness of the means as descriptions of the different generations. As ex- 
pected, the means steadily rise for the first few generations; after this 
they fluctuate. It will be noted that the highest point in the curves 
appears in the 29th generation; this high point immediately follows the 
removal of the breeding bottles to a constant temperature room in which 
dry summer heat was automatically maintained. Moreover, due to 
a change in method, in the subsequent generations the means tend to 
be higher than those in the generation preceding the 29th. It remains, 
then, to compare the means before and after the 29th, separately. 
Where the means show regular advance, the correlation coefficients 
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are regularly positive and significant; where the means are irregulars 
and seem to depend mainly upon environment, the correlation coefficient, 
are irregular, plus and minus, and in general not statistically significant. 
It is important to understand that this failure of selection can not be 
explained by physical incompatibility in the soma. ‘There is obviously 
plenty of room for many more bristles than are generally found and, in 
a few cases where very rare conditions happened to be experienced by 
individual flies, such extreme grades as 12, 13 and 16 extra bristles have 
been found, whereas the most frequent high extreme is 9 extra bristles, 
and the characteristic mean of the race seems to be 4.75. It may be 
concluded that at first there were differences in the germ plasm of the 
different flies and these differences were manifest in the somatic ap- 
pearance, even though environment was also causing variations; later, 
due to the selection, such germinal differences between individuals as 
were clearly observed at the beginning were no longer found. 

As further evidence for this conclusion the following experiment may 
be described, which meets the objection that the narrow range of parents 
selected in the later generations might account for the absence of corre- 
lation. Accordingly, selection was suspended for three generations 
and as far as facilities would permit, all the progeny of one pair of flies 
in the 50th generation were bred in pairs for three generations without 
respect to their grades, the only restriction being that matings were made 
of flies of the same or within one of the same bristle grade, and only 
virgin females were used. All the offspring were counted and graded. 
In the second generation of this experiment over 4000 flies were graded, 
in the third generation, 27,000. 

For these generations the correlation coefficients were as follows: 


Males—2d generation, r—0.1436 + 0.0995; 3d generation, r—0.0271 + 0.0391 
Females—2d generation, r—0.1378 + 0.0997; 3d generation, r—0.0221 + 0.0391 


This shows that the higher grade parents did not have any tendency to 
produce higher grade offspring than the lower grade parents, and there- 
fore, that the failure of selection to produce further changes in the means 
of the race, is due to the absence of such genetic differences, as were 
originally present. 

From quite a different source comes evidence that the early genera- 
tions of selection modified the genetic constitution of the race. Start- 
ing from the second selected generation a race of low grade flies was 
formed in one generation by selecting low grade flies as parents. The 
means of this race were entirely distinct from those of the high selected 
race; as the high race rose, this race remained low. Since it is known 
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from the correlation coefficients, that the higher grade flies were pro- 
ducing higher offspring at this time, it is entirely within expectation. 
to find that the lower grade flies could produce lower grade offspring. 
On the other hand, when flies of similar low grades were selected from 
the 16th generation of the high selected race, and the selection of low: 
grade parents continued for 8 generations as a return selection series, 
the means of the offspring were not significantly lower than those of the 
corresponding generations in the high selected race. In fact the suc- 
cessful result of selecting low grade parents of the same grades in the. 
second generation was not even approximated. The correlation coefh- 
cients indicated that flies with different grades were not differentiated 
genetically in the 16th generation; these breeding tests support the same 
conclusion. The line from low parents started from the 16th genera- 
tion, was lost after 8 generations; since low grade flies are the smaller. 
ones, this selection, besides separating low grade flies, isolated weak ones. 
This accounts for the reduction of vigor and the final loss of the race. A 
second return selection was started from the 27th generation of the high 
race. For three generations the means of this line closely resembled 
those of the high race, but the weakening effect was soon manifest in — 
the small numbers of offspring and the lowered means, and shortly, in 
the loss of the race through the failure of the selected flies to reproduce. 

A still further test has been made of the conclusion already stated. 
If the dissimilar genetic behavior of the unselected and the long selected 
flies rests on a sorting out of differences in the germ plasm, it should be 
possible to bring back these differences by crosses with flies that might 
be supposed to have germ plasm still bearing these differences. Flies 
from the 17th generation were crossed with wild normals; from the extra- 
bristled flies that appeared in the second generation, low grade parents 
were selected. These at once established a low grade race that gave 
means constantly and unquestionably lower than the high selected race; 
no variation in the environment was great enough to confuse them. 
This low race did not show any signs of weakening on account of the 
selection of low grade flies; it was continued for 19 generations and gave 
large families. The reason for this is that all the flies, even the large 
well fed ones, had fewer extra bristles than the flies in the uncrossed high 
selected race; their germ plasm was different. It is very evident that 
the results of this crossing can not be explained on the basis of non- 
genetic physiological causes, as Castle has suggested may explain the 
very closely parallel results of his crosses with self-colored and hooded 
rats. In spite of this recent interpretation, it is well to note that Castle 
has given unmistakable evidence that his crosses involved genetic modi- 
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fication. By plus selection from hooded rats that came from a cross 
between the minus selected race and wild, the minus race was immediate- 
ly transformed into the plus race, whereas similar plus selection from the 
minus race without the cross with wild, required 6 generations to move 
the means even up Zo the “0” grade. 

There are then, four lines of evidence that support the conclusion that 
selection, in the case of extra bristles has separated genetic differences, 
or units, that existed at the beginning of the experiment, and that did 
not reappear de novo: (1) at first correlation coefficients are constantly © 
positive and significant, later they are mainly not significant and fluctu- 
ate between positive and negative; (2) selection advances the means at 
first, later it does not; (3) before selection makes its advance, return, or 
low, selection separates a distinct race, while afterwards, the same pro- 
cedure fails to accomplish the same result, however, (4) if a cross with 
normal precedes, the low selection becomes as effective as it was at the 
beginning. 

As the material under discussion does not constitute a pure line in 
any sense, the conclusions drawn do not have any immediate bearing 
on the pure line theory. Moreover, environment plays such a con- 
spicuous role that nothing positive can be said about any hypothetica 
variations in the germ plasm that may be hidden by variations in the 
environment, and accordingly be too small to be determinable. It may 
be suggested that if the environment were not such a controlling factor, 
or if it were possible to reduce the variability of the environment, smaller 
changes in the germ plasm might be discovered. This claim may be 
made for any work in selection that could be imagined; no failure of 
selection, however stationary the environment may seem to be, can 
escape this claim, namely that variations in the germ plasm may be 
taking place, although they are not distinguishable in the soma. The 
claim may be made, but it will give neither the breeder, nor natural selec- 
tion any opportunity to make progress. It appears that instead of 
offering a fatal objection to the work here reported, the evident environ- 
mental factor serves well to emphasize the utter futility of attempting 
to deal in theory or fact with supposed germinal phenomena that can 
never be demonstrated or utilized. The variations in environment 
commensurate with the viability of the fly are great, but they do not 
hide the fact that there are germinal differences in regard to the numbers 
of extra bristles; they do not hide the fact that two races may be raised 
at the same time under the same conditions and maintain their individ- 
uality; nor do they explain the fact that after selection has made a cer- 
tain amount of progress it is no longer possible to raise the means of 
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the race any further and no longer possible to separate two distinct 
races by selection without a cross with normal. 

The conclusions that logically follow from the preceding discussion 
are that (1) extra bristles are primarily occasioned by one germinal unit 
and further influenced by other germinal units, and (2) that no change 
that could have either evolutionary or practical significance has oc- 
curred in these units during the 50 generations of the experiment. 


1 Pearl, R., J. Exp. Zool., Philadelphia, 13, 1912, (283-394); Nilsson, Hj., see De Vries, 
Plant Breeding; De Vries, H., The Mutation Theory; Tower, W. L., Washington, Pub. Car- 
negie Inst., No. 48; Johannsen, W., Elemente der Exacten Erblichkettslehre. 

2 Castle, W. E., and Phillips, J. C., Washington, Pub. Carnegie Inst., No. 195; Smith, 
L. H., Univ. Ill. Agric. Exp. Sta. Bull., No. 128; Middleton, R., J. Exp. Zool., Philadelphia, 
19, (451-503); Jennings, H. S., Genetics, Cambridge, 1, (407-534). 

3 MacDowell, E. C., J. Exp. Zool., Philadelphia, 19, (61-98). 

4 Castle, W. E., and Wright, S., Washington, Pub. Carnegie Inst., No. 241. 


PRESSURE PHENOMENA ACCOMPANYING THE GROWTH OF 
CRYSTALS 


By Stephen Taber 


DEPARTMENT OF GEOLOGY, UNIVERSITY OF SOUTH CAROLINA 
Communicated by J. C. Branner, February 26, 1917 


Under suitable conditions crystals grow in directions in which growth 
is opposed by external force. This fact appears to have been first 
observed by Lavalle in 1853.1 It was denied, however by Kopp, who, 
after making certain experiments, stated that he was never able to ob- 
serve anything tending to confirm the view that a crystal can raise it- 
self in order to grow also on the side on which it rests.2, Subsequently 
the observations of Lavalle were confirmed by Lehmann? and others. 

Becker and Day seem to have made the first attempt at determining 
the magnitude of the force developed during crystal growth. In their 
experiment, a crystal of alum supporting a weight was covered with a 
saturated solution of alum, and supersaturation was induced by evap- 
oration. The crystal increased in size through growth on the lateral 
exposed faces which were also extended downward, thus lifting the 
crystal together with its load. The deposition of new material on the 
lower surface was restricted to the periphery, so that a hollow face was 
gradually formed by the downward extension of the new growth, and 
the crystal rested on a very narrow outer rim. ‘The area of this rim was 
determined with difficulty, but repeated measurements led to the con- 
clusion that “‘the force per unit area which the crystals exert 
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is of the same order of magnitude as the ascertained resistance which 
the crystals offered to crushing stresses.’”4 

In 1913 Bruhns and Mecklenburg published a paper® in which they 
claim to have repeated the experiment of Becker and Day with nega- ° 
tive results. In a reply to this paper Becker and Day explain the dif- 
ferent results obtained by Bruhns and Mecklenburg as due to the fact 
that the original experiment was not duplicated. This conclusion 
was reached independently by the present writer.’? By placing an un- 
loaded crystal in the same solution with the loaded one supersaturation 
with respect to the supporting surface of the loaded crystal was prevented. 

Bruhns and Mecklenburg® (pp. 106-108) describe another experiment 
in which the crystallization of chrome alum resulted in raising porcelain 
fragments, loaded with weighted beaker-glasses, but they thought it 
essential that evaporation be carried to completion. The elevation of 
these beakers and similar evidences of pressure phenomena accompany- 
ing crystal growth they attribute to the ‘forces of adsorption and 
capillarity”’ and not to a “force of crystallization.”” Becker and Day 
show that in this experiment the lifting action occurs in spite of capil- 
lary attraction rather than because of it, and that adsorption merely 
diminishes the rate of growth by delaying diffusion.® 

As a result of their investigations Becker and Day conclude: (1) that 
there is “a linear force, apart from the volume expansion, exerted by 
growing crystals;” (2) that this force enables them to grow in directions 
in which growth is opposed by external force “notwithstanding unre- 
stricted opportunity for growth in other directions; and (3) that the 
linear force thus exerted is of the order of magnitude of the breaking 
strength of the crystal.’® ‘The crucial experiment [briefly described 
above] offered in support of this conclusion”’ is not, in the opinion of 
the present writer, decisive. It is significant that no growth occurs on 
the upper face of the crystal although it is subjected to less pressure than 
the lower face, and crystallographically- both are the same. ‘The eleva- 
tion of the crystal is due to the fact that it rests directly on a thin layer 
of solution which is supersaturated by diffusion from without; and in 
this experiment the solution at the bottom of the crystallizing dish is 
of higher concentration than elsewhere. Furthermore, the effect of 
expansion in volume is not eliminated in this experiment, for alum 
separates from solution with increase in volume. 

A crystal is enlarged through the addition of layers of material to its 
outer surfaces, and this takes place when these surfaces are in contact 
with a supersaturated solution. A very thin coating of impervious 
material is sufficient to prevent crystal growth. In the Becker and Day 
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experiment the supporting edges of the crystal rest directly on a thin 
layer of solution which is therefore under pressure. Now pressure tends 
to reduce the thickness of the supporting film to a minimum. With 
perfectly smooth parallel surfaces the minimum thickness of the separat- 
ing film is perhaps equal to the diameter of the space occupied by a 
molecule of the liquid, and this is probably approximated in the present 
case, for deposition would be most rapid where the thickness of the 
supporting film is greatest. It would require great pressure to com- 
pletely expel the solution from such a narrow space, and, if the solu- 
tion is thus excluded, growth in a vertical direction would cease. The 
fact that this growth continues is proof that the solution is not expelled 
from under the crystal. Therefore when alum separates from solution 
and is added to the base of the crystal, the accompanying increase in 
volume must result in some elevation, irrespective of other causes. 

The cavity or hollow formed on the under side of crystals in the ex- 
periment described above results from malnutrition, due to the slow 
rate of diffusion under the crystal as compared with the relatively rapid 
growth in other directions. The writer succeeded in eliminating this 
cavity by supplying the supersaturated solution through capillary open- 
ings under the base of small crystals. Since new material can be 
added only at the base, its area remains small and tall slender columns 
are formed. 

The pressure phenomena observed during the growth of crystals have 
been attributed by the present writer ‘‘to the molecular forces associated 
with the separation of solids from solution and to the attraction and 
orientation of the physical molecules as they are brought into position 
on the surface of a growing crystal’? (pp. 553-554). He suggested “‘that 
the force is due chiefly to the expansion in volume which accompanies 
the separation of most solids from solution, for, as yet, he has obtained 
no pressure effects during the crystallization of substances that separate 
from solution with decrease in volume.’?° Recently, however, he has 
obtained definite evidence of pressure accompanying the crystallization 
of ammonium nitrate! The experiment is decribed below. 

A cup of porous porcelain was placed bottom up in a small jar half 
full of a concentrated solution of ammonium nitrate, and a piece of paraf- 
fine-coated card-board, cut to fit snugly around the cell, was cemented 
with paraffine to the top of the jar and to the walls of the cup. The 
jar was then placed in a desiccator containing calcium chloride, and al- 
lowed to stand undisturbed for nine months. The solution was drawn 
by capillary attraction to the upper and exposed walls of the cup where 
a crust was gradually formed by evaporation, but this crust was en- 
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larged chiefly or entirely through the addition of new material to the 
outer exposed surfaces, the solution reaching these surfaces through 
capillary pores in the crystalline mass. Under the card-board, how- 
ever, a few long acicular crystals were formed on the surface of the cup, 
and these were gradually pushed outward by the addition of new ma- 
terial to their base. At one place the solution penetrated the card- 
board which was gradually split apart by the slow growth of a lens- 
shaped veinlet of finely crystalline salt about 3 mm. in thickness. The 
cup was not broken as in similar experiments with certain other salts 
that separate from solution with increase in volume. 

The pressure phenomena observed in this experiment are explained 
as follows: Crystallization is retarded or prevented in supersaturated 
solutions which occupy small capillary or subcapillary spaces; therefore 
crystals may be supplied with material for growth by diffusion through 
solutions occupying such spaces, and the increase in volume due to the 
entrance and deposition of new material must result either in the ex- 
pulsion of part of the solution or in the enlargement of the space occu- 
pied by the growing crystals. If the spaces occupied by the solution 
are relatively large, the solution will be gradually expelled as crystalline 
matter is deposited in its place, but, on the other hand, if the spaces are 
sufficiently small, less force may be required to enlarge the space occu- 
pied by the growing crystals than is necessary to expel the solution. 
The diffusion of a solid through a solution and its separation therefrom 
are attributed to osmotic pressure and the relation between osmotic 
pressure and solution pressure. According to the writer’s theory, the 
force observed in this experiment with ammonium nitrate is analogous 
to the pressure developed when an anhydrous salt, confined in a‘limited 
space, combines with water that has diffused as vapor through capillary 
openings.!? 

Molecular attraction between solid and liquid causes the thin layer 
of solution in contact with a crystal to adhere to it; and this contact 
film, on account of adsorption, is of different concentration from the 
bulk of the solution. Enlargement or solution of a crystal is brought 
about by the diffusion of dissolved substance across this layer. When 
the solution in contact with a crystal surface is supersaturated with 
respect to that surface, new material is deposited on the crystal, thus 
forcing the contact film to move outward from the growing crystal. If 
this film approaches a foreign body, growth in that direction is gradually 
retarded as the space through which diffusion must supply new material 
becomes more limited. Consequently growth will be more rapid in 
other directions, providing diffusion is not similarly restricted, and the 
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crystal will tend to surround the foreign body. Deposition of material 
between the crystal and the foreign body will continue, however, as long 
as diffusion can maintain supersaturation in the solution occupying this 
space; and, with continued crystal growth, the contact film must con- 
tinue to be displaced. When this film comes in contact with the foreign 
body, any further growth must result in either (1) the displacement of 
the foreign body or (2) the rupture and expulsion of the film; and the 
outcome will depend on the resistance offered by the foreign body, the 
dimensions of the space occupied by solution and the mutual attraction 
between the molecules of the liquid and solids. 

If the crystal is of a substance that goes into solution with decrease in 
volume, increased pressure will make it more soluble, thus increasing 
the degree of concentration requisite for further growth; but for those 
salts that have been tested a large change in pressure is required to pro- 
duce an appreciable change in solubility. If the solubility of the foreign 
body is increased by pressure, it may be gradually removed in solution 
as the growing crystal replaces it. 

The tendency of a crystal to assume a regular polyhedral form is im- 
portant as a factor in the development of pressure during crystal growth 
only in so far as it affects the relative solubility of the crystal in different 
directions. A crystal growing in a solution of uniform concentration 
tends to build that form which is the least soluble under existing condi- 
tions, or, in other words, for which the total surface energy is a minimum. 
If the surface tension were the same in all directions this form would 
be a sphere, but in crystals the surface tension differs in different direc- 
tions, or, on different faces, and is the same only on faces that are crys- 
tallographically the same. A solution that is in equilibrium with the 
flat face of a crystal will be supersaturated with respect to a concavity 
on the face and undersaturated with respect to a convexity. When a 
crystal having a concave face or an artificially truncated angle is placed 
in a solution of uniform concentration which is kept saturated with 
respect to the normal crystal faces, growth may be limited to a single 
direction until the imperfection is repaired, but growth can not con- 
tinue indefinitely in a single direction as the superficial area and hence 
the surface energy would increase too rapidly in proportion to the volume. 
The variation in the solubility of a crystal in different directions is 
slight, and therefore it is probable that the difference is small in the 
pressure that may be developed in different directions by a growing crystal 
in contact on all its surfaces with a solutidn of uniform concentration. 
The surface tension on the different faces of a growing crystal probably 
depends on many factors, such as, the number of molecules per unit 
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area, their structure and orientation, pressure, temperature, and the 
composition of the solution. Hence, different faces may develop under 
different conditions of growth. 

- Most of the phenomena hitherto cited in support of the hypothesis 
that there is a ‘linear force of crystallization’ are to be explained by the 
fact that the growing crystals have been in contact with a supersatu- 
rated solution in only one direction or that the concentration of the solu- 
tion has been greater in one direction than in others. It is probable that 
the pressure effects observed during crystallization are due chiefly to the 
separation of solid matter from solution rather than to the growth of 
crystals, and, under favorable conditions, the pressure developed in this 
way may greatly exceed the crushing strength of the substance. 

- Crystals grow in directions in which external forces oppose growth 
whenever the surfaces under pressure are in contact with a film of super- 
saturated solution, and it is possible to supply the material for growth 
by slow diffusion through subcapillary spaces, as great resistance is 
offered to the expulsion of solution from such openings. The conditions 
requisite for the growth of crystals under pressure commonly obtain in 
the rocks of the earth’s crust, and many phenomena connected with the 
metamorphism of rocks, the growth of concretions, and the formation 
of mineral deposits are difficult of explanation under any other hypothe- 
sis than that growing crystals have made room for themselves by exerting 
pressure on the surrounding material. 
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A NEW METHOD OF TRANSFORMING ESTERS OF a-AMINOACIDS 
INTO THEIR CORRESPONDING ISOTHIOCYANATES 


By Treat B. Johnson and Arthur A. Ticknor 


SHEFFIELD SCIENTIFIC SCHOOL, YALE UNIVERSITY 
Communicated by L. B. Mendel, February 28, 1917 


' In a previous paper from this laboratory,' the writer called attention 
to the chemistry of polyketide mustard oils of the type C.xH;OOC.CHR. 
NCS, and indicated the need of a practical method for preparing such 
combinations in quantity for synthetical work. This problem was un- 
dertaken by us and a method of synthesis was developed whereby iso- 
thiocyanates of the above type can be prepared directly from esters of 
a-aminoacids by subjecting the latter to the action of thiophosgene in 
dry toluene solution. For example, ethyl aminoacetate, in the from of 
its hydrochloric acid salt, interacts smoothly with thiophosgene in boil- 
ing toluene giving an excellent yield of the corresponding mustard oil— 
ethyl isothiocyanacetate. The transformation is expressed by the fol- 
lowing equation: This reaction 


CSCl, + HCl.NH.CH,COOC;H; = 3HCl + SCN.CH:COOC:Hs, 


has now been applied successfully in other cases and the results obtained 
will be published later in the Journal of the American Chemical Society. 

While the above method of synthesis offers no difficulty so far as ma- 
nipulation is concerned, it does involve in its application, however, the 
used of thiophosgene, which is an unpleasant reagent to work with and 
requires much time to prepare in quantity. We have now developed a 
method of operation whereby we are able to convert esters of a-amino- 
acids into their corresponding isothiocyanates without the use of this 
disagreeable reagent. In this preliminary note we record the principle 
of this method and its application for the preparation of ethyl isothio- 
cyanacetate. 

Emil Fischer? has shown that the ethylester of glycocoll interacts 
quantitatively with carbon-bisulphide in ether solution to form the 
dithiocarbamic acid salt represented by Formula I. The reaction is 
expressed by the following equation: 


CS. — 2NH.CH.COOC.H; — NH.CH.COOC;H; 
| 


CSSH.NH2.CH.COOC2H:;. (I) 


As far as we are aware, this is the only ester of an a-aminoacid that has 
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been coupled with carbon-bisulphide in this manner. Fischer attempted 
to convert this salt into ethyl isothiocyanacetate by digestion in aqueous 
solution with silver and mercury salts (Hoffmann’s mustard oil reaction). 
He found that it underwent decomposition by such treatment giving 
solutions having the odor of a mustard oil, but ethyl isothiocyanacetate 
was not isolated by him. 

We now find that this dithio carbamic acid salt I of Fischer’s can be 
transformed easily and almost quantitatively into ethyl isothiocyanace- 
tate by application of an unique reaction discovered by Andreasch.? 
This investigator has shown that simple amine salts of the above type 
interact with ethyl chloroformate at ordinary temperature giving 
smoothly isothiocyanates with evolution of carbonoxysulphide and ethy]l- 
alcohol. The reaction is expressed by the following general equation: 


R.NH.CSSH.NH2R. + ClCOOC2H; = RNCS + COS + C.H;OH + 
R.NH:2.HCl 


Fischer’s glycocoll-dithiocarbamic acid salt I also interacts with ethyl- 
chloroformate according to the above expression giving an intermediate 
thiolester having the Formula II. Therefore the first phase of this trans- 
formation may be expressed by the following equation: 


NHCH.2COOC2H; 

| 

CSSH.NH,.CH.COOC,H; -- Cl.COOC.H; aa 
(Fischer’s Salt) 

NH.CH.COOC2H; + C:H;sOOC.CH2NH:2.HCl 


CSS.COOC.H; (II) 


This thiolester displays greater stability than combinations of this type, 
which have hitherto been described. Below 100° the ester IT is quite 
stable. If heated above this temperature in a vacuum, it undergoes a 
smoothdecomposition. Carbonoxysulphide is copiously evolved together 
with alcohol, and nearly a theoretical yield of ethyl isothiocyanacetate 
is produced. The mustard oil agrees in all its properties with the iso- 
thiocyanate prepared by the thiophosgene method, and boils at 102-104° 
at 10 mm. pressure. The second phase of this interesting reaction is 
expressed by the following equation: 


NH-CH:COOC2H; 
— COS + C.H,OH + SCN :-CH,COOGE, 
CSS: COOC2H; 
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Starting with 35 grams of ethyl aminoacetate we recovered practically 
one-half of the aminoacid ester in the form of its hydrochloride, and ob- 
tained 19 grams of the isothiocyanacetate. This reaction is being investi- 
gated further and will be applied for the preparation of other new types 
of polyketide mustard oils. If this method of synthesis finds as wide an 
application as we anticipate, it will enable us to obtain several isothio- 
cyanates of new types, which should be of great biochemical interest. 


1Johnson and Hemingway, J. Amer. Chem. Soc., Easton, Pa., 38, 1916 (1550). 
2Fischer, E., Berlin, Ber. D. Chem. Ges., 34, 1901 (441). 
3 Andreasch, Wien, Monatshefte Chem., 27, 1906 (1211). 


THE GEOLOGY OF THE FIJI ISLANDS 
By Wilbur G. Foye 


DEPARTMENT OF GEOLOGY, MIDDLEBURY COLLEGE, MIDDLEBURY, VERMONT 
Communicated by W. M. Davis, February 28, 1917 


The period between July, 1915 and March, 1916 I spent as a Sheldon 
Travelling Fellow of Harvard University, in a study of the geology of 
the Fiji Islands. Special attention was given to the structure and rela- 
tions of the elevated limestones. Of the larger islands, Viti Levu, Vanua 
Levu, Taviuni, Kandavu, Mbengha, and Ovalau were visited. Three 
islands of the Yasawa group and eighteen of the Lau group were like- 
wise studied. The following paper records the principal facts concern- 
ing the geology of the major divisions of the group. 

1. Vite Levu.—Viti Levu is the southern of the two larger islands of 
Fiji. It is 94 miles long from east to west and 55 miles broad. The 
southeastern side of the island and a large portion of the eastern and 
northeastern sides are low delta flats overgrown with mangrove bushes. 
The flats merge into a young, narrow coastal plain which extends 5 to 
10 miles inland, where it meets an uplifted coastal plain of soft marls, 
now carved into mature hills, 70 to 100 feet in height. The older plain 
slopes gradually upward for 5 or 6 miles from its edge, until it rests un- 
conformably on the interior, volcanic hills at heights of 600 to 700 feet. 
Elsewhere the volcanic hills approach the shore and form the coast- 
line for the greater part of the circumference of the island. 

The whole interior of the island is characterized by maturely dis- 
sected insequent hills, though quite extensive flats are sometimes found 
near the rivers. The rocks forming the interior hills are frequently 
sandstones and marls in contrast to the volcanic rocks of the coast. 
The western and northern shores of the island are very irregular. 
Drowned valleys abound and many are so filled with delta deposits that 
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even small boats find difficulty in entering the river-mouths through 
the tangle of mangrove bushes. 

The geological history of the island is more complex than has been 
previously stated.!. From a hasty survey of the interior of the island 
I inferred that an old land of slates and red sandstones was intruded by 
a batholithic mass which solidified as gabbro, diorite and granite. The 
mountain block thus formed was deeply eroded and the igneous rocks 
were exposed. Volcanoes then burst forth and a series of andesitic and 
rhyolitic flows were poured out over the eroded surface. 

The aggrading flows were later deeply eroded and submerged. A 
coraliferous conglomerate was laid down on the submerged surface and, 
during a period of oscillatory movements, several hundred feet of marl 
and claystones with occasional thin seams of coal were deposited. This 
period was followed by one of more decided submergence, during which 
approximately 150 feet of coraliferous limestones was laid down. The 
entire series will be spoken of, for reasons which will appear in the fol- 
lowing paragraph, as the ‘folded sediments.’ 

Compressive stresses were then developed in this portion of the earth’s 
crust. The limestones and older rocks were uplifted and sharply folded 
along lines running in general N. N. W. by S.S.E. The folding was so 
intense that the limestones were occasionally transformed to marble. 
A period of faulting and volcanism followed during which the island 
assumed somewhat of its present form, and a series of volcanic hills were 
built up near the coast. Erosion and submergence then allowed marls 
and interbedded coraliferous limestones to be laid down uncomformably 
as a thin veneer about the edge of the island. These sediments will be. 
spoken of as the ‘coastal series.’ 

Again the island was differentially uplifted. The wide lagoon extend- 
ing northwest toward the Yasawa islands was initiated by tilting in that 
direction and, at the same time, the coastal plain at the eastern side of 
the island was elevated. During the latter part of the epoch, volcanic 
rocks were injected into the coastal series and the Yasawa islands were 
built up. Recent differential movements have uplifted the southwestern 
shore of Viti Levu and at the same time depressed the Yasawa islands. 
In general the present coral reefs are developing on platforms which 
originated during the deposition of the coastal series. 

2. Vanua Levu.—Vanua Levu, the northern of the two larger islands 
of Fiji, is 104 miles long from east to west and 20 to 25 miles in width. 
The eastern portion of the island is split by a long, narrow bay extend- 
ing inland from northeast to southwest for 50 miles. To the eastern 
peninsula, thus formed, are appended several peninsulas which jut 
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out to the eastward. The whole circumference of the inland is marked 
by pocket harbors and jutting headlands. 

Along the southern and eastern sides of the island a rough country of 
volcanic hills extends 6 or 8 miles inland. The principal divides are 
found in these hills. The larger rivers run north and northwest across 
elevated plains 200 to 300 feet high before forming flood-plains along 
the northern coast. 

The geological history of the island is not so complex as that of Viti 
Levu. The fundamental rocks of the island are not exposed, to the 
writer’s knowledge. Their character is, therefore, problematic. Into 
these rocks were intruded batholithic masses which solidified to form 
gabbro. The old land was then greatly eroded and the plutonic rocks 
were exposed. Later the island subsided. During the erosion and sub- 
sidence volcanic intrusions mantled the irregular land surface uncon- 
formably with a cover of acid andesites and rhyolites. 

The island remained submerged throughout the period of sedimenta- 
tion and folding in which the folded sediments of Viti Levu were devel- 
oped. Submarine volcanoes were active and 2000 to 3000 feet of 
ash and agglomerate, largely composed of hypersthene andesite, were 
conformably laid down on the submerged surface. At the time of the 
uplift of the coastal series of Vitu Levu, Vanua Levu was elevated into 
an island form, The movements were accompanied by faulting and 
tilting and have continued to the present. 

The period of uplift has been complicated by downward movements 
from time to time which may best be studied near Lambasa on the north- 
ern coast. During a still-stand a local peneplain was developed far into 
the interior which now is found at an elevation of 50 to 200 feet. The 
island was later uplifted and the peneplain just described was carved into 
sub-mature hills near the coast. A period of submergence followed 
during which coraliferous limestones were deposited about the spur-ends 
of the coastal hills. The region was then elevated and the limestones 
are now found from 50 to 100 feet above the sea. A recent submergence 
has allowed volcanic silts, brought down by the rivers, to fill up valleys 
eroded in the limestone. Since the uplift a series of basaltic eruptions 
have scattered their debris over the surface of the island but at a period 
so remote that the basaltic cones are now eroded to sub-maturity. 

Elevated coral reefs are known from but one place along the northern 
coast. They occur at an elevation of 75 feet, just west of Lambasa. 
They are found within the bay separating the main island from the 
eastern peninsula’, but are not known to occur on the peninsula itself. 
Reefs have very recently been elevated along the southeastern coast 
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and are found at an elevation of 75 to 100 feet. So recently have these 
reefs been uplifted that the lagoon flat and outer barrier reef are still 
preserved intact. 

I visited only the eastern and central portions of Vanua Levu. The 
modern fringing reefs are here developing either along the shore-line 
of recently submerged volcanic rocks or on coastal flats formed of the 
fine ash swept from the elevated hills of submarine tuffs. The most 
recent movements have been differential and while uplift has taken 
place at the southeastern side of the island, subsidence has occurred to 
the east and north. The modern barrier reefs occur where subsidence 
has taken place either due to tilting or faulting during uplift. 

3. The Lau Islands.—The Lau Islands lie east of the larger islands 
of Fiji and are scattered over 300 miles of the ocean floor from the 16th 
to the 20th parallel of south latitude and from the 178th to the 179th 
meridian of west longitude. There are from 40 to 50 islands ranging 
in size from a half a mile to 20 miles in length. The islands may be 
grouped empirically in three classes. 

1. Islands composed of volcanic rocks and limestone. 

2. Islands composed of limestone alone. 

3. Islands composed of volcanic rocks alone. 

The volcanic islands usually have a number of separate peaks rising 
to altitudes of 600 to 900 feet, whereas the islands composed of lime- 
stone rise to nearly a constant level about their edges but are often de- 
pressed toward their center. 

The limestone is always coraliferous and is raised to a maximum ele- 
vation of 1030 feet in the island of Vatu Vara. In every case studied 
the limestone rests unconformably on a basement of eroded volcanic 
rocks, indicating subsidence. Certain of the elevated limestones have 
the atoll or barrier reef form and the inference is drawn, as no uncon- 
formities are found within the limestone, that the elevated atolls were 
formed during the subsidence of the underlying volcanic surface. 

The corals included in the elevated limestones are Pleistocene or 
Recent in age according to the determination of Dr. T. W. Vaughan. 

Many of the elevated limestone islands have been greatly reduced 
in size by atmospheric solution. Occasionally, as in the cases of Ful- 
anga and Ongea, sea-level flats have developed. In most of the islands 
the flats have been submerged and the residual masses of limestone 
dotting the flats have formed undercut islets scattered over a lagoon 
10 to 15 fathoms in depth. I believe the submergence is due to actual 
subsidence since it is more recent than the return of the waters to the 
ocean after the Glacial epoch, and since Pleistocene wave erosion would 
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have destroyed the fragile undercut islets if the lagoon floors from which 
they rise were fashioned by this agency. 

The islands originated about the middle of the Tertiary period dur- 
ing the extrusion of the lavas of the second andesitic period of Viti 
Levu. The volcanoes thus formed were maturely eroded and subsided. 
Four or five hundred feet of coraliferous limestone were deposited un- 
conformably on the subsiding surfaces and were later elevated. A 
second period of erosion followed and again basaltic volcanoes built 
cones on the surfaces of the eroded limestone. Within quite recent 
times the islands have subsided 50 to 90 feet and the modern coral reefs 
are developing on the eroded and submerged platforms. 

4. Summary of the Theoretical Resulis of the Expedition—My views 
concerning the origin of the barrier reefs and atolls of Fiji may be sum- 
marized as follows:— 

1. The elevated reefs were deposited in all known cases unconform- 
ably on eroded surfaces of volcanic rocks. Atolls and barrier reefs were 
among the forms developed during this period of subsidence. 

2. Many atolls and barrier reefs are now developing on platforms of 
elevated limestone which have been eroded to fairly even surfaces by 
atmospheric solution and later submerged. 

3. Of the several theories concerning the origin of barrier reefs and 
atolls only Darwin’s theory postulates a subsiding surface eroded above 
sea-level. But this theory is firmly based on the conception of pro- 
gressive, though intermittent, subsidence of large segments of the earth’s 
crust. If such subsidence is conceived to have begun in the early Ter- 
tiary period, the writer is convinced that it characterized the larger 
part of the Tertiary and Pleistocene periods in which the elevated lime- 
stones of Fiji developed. But since the Pleistocene period the algebraic 
sum of the movements has been positive and uplift has resulted, al- 
though the sum, if reckoned from the early Tertiary, is negative and 
the ultimate result has been subsidence. The present reefs are, however, 
dependent upon the Pleistocene and Recent movements for their form. 
Such movements have been progressively upward with only minor 
periods of subsidence. They are also local in their effect and are de- 
pendent undoubtedly on volcanic activity, in part due to the transfer 
of material from the inner to the outer portions of the earth’s crust, and 
in part to the secular cooling and consolidation of the extruded lavas. 
Hence it cannot be said that the modern reefs of Fiji fully support 
Darwin’s theory. 

4, The data assembled by Daly’ and Vaughan’ convince the writer that 
Pleistocene platforms exist very generally throughout the coral seas. 
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Yet while this is true, the platforms in Fiji are post-Pleistocene in their 
development. The writer was unable to discover any evidence of 
Pleistocene wave-cut platforms. 

‘ Woolnough, W. G., Sydney, Proc. Linn. Soc. N. S. Wales, 32, 1907 (431-474). 
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DOMINANCE OF LINKED FACTORS AS A MEANS OF 
ACCOUNTING FOR HETEROSIS 


By Donald F. Jones 


BUSSEY INSTITUTION, HARVARD UNIVERSITY! 
Communicated by W. M. Wheeler, February 26, 1917 


The increase of growth derived from crossing in both animals and 
plants, which has been called heterosis, and the converse fact of decreased 
vigor resulting from inbreeding have been known for a long time but 
have never been satisfactorily accounted for. 

The investigations of East,? G. H. Shull? and Hayes‘ show that in- 
breeding does not result in a continuous degeneration but that the ef- 
fects of inbreeding gradually become less as complete homozygosis is 
approached and for all practical purposes finally become constant. Un- 
like strains are isolated which differ in the amount of growth they pro- 
duce. In many species these homozygous strains are always less vigor- 
ous than either parent. The decrease in vigor due to inbreeding has 
been shown to be correlated approximately with the decrease in the 
number of heterozygous factors present but without showing why there 
should be-such a relation. It was simply stated that “greater develop- 
mental energy is evolved when the mate to an allelomorphic pair is 
lacking than when both are present in the zygote.’ 

The conception of dominance as proposed by Keeble and Pellew® 
as a means of accounting for these facts has had two serious objections. 
If heterosis were due to dominance of characters it was thought possible 
to recombine in generations subsequent to the F> all of the dominant 
characters in some individuals and all the recessive characters in others 
in a homozygous condition. Such homozygous individuals could not 
be changed by inbreeding. Moreover, if dominance were concerned it 
was considered that the F, would have an asymmetrical distribution. 

Both of the above objections to dominance have failed to take into 
consideration the facts of linkage. If the factors which govern an or- 
ganism’s development are distributed in all the chromosomes and passed 
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from one generation to another in groups it would be practically impos- 
sible to recombine all the dominant characters in one individual and 
all the recessive in another. Hence the failure to obtain both the com- 
plete dominants and complete recessives which would breed true is ac- 
counted for. This view of the situation also explains why symmetrical 
distributions are obtained in Fy. The development of each individual 
is assumed to be correlated with the number of different factors present. 
The individual with the greatest number of heterozygous chromosomes 
would have the greatest number of different factors present if the factors 
were distributed among all the chromosomes. The theoretical distri- 
bution of the F2 individuals according to the number of heterozygous 
chromosomes contained is in the ratio of the expanded binomial (a-+-a)”. 
The expanded binomial is often used as an illustration of a normal fre- 
uency distribution. 

To account for the increase in growth in F; it is necessary to have the 
favorable characters for the most part dominant over the unfavorable 
ones. This seems probable from the numerous cases of abnormalitites 
which are recessive to the normal condition. It is not necessary that 
there should be perfect dominance. It is necessary, however, to accept 
the conclusion that many factors in the In condition have more than one 
half the effect that they have in the 2n condition. 

Inbred strains of maize have been obtained by inbreeding which either 
Jack chlorophyll entirely or are partially deficient in chlorophyll. Some 
strains are partially sterile. Some have fasciated ears. Some are sus- 
ceptible to a bacterial wilt disease. Some have contorted stems and 
still others have brace roots so poorly developed that they can not stand 
upright when the plants become heavy. Similar instances can be cited 
in many naturally cross pollinated species. Some of the strains may 
have more than one of these unfavorable characters. No one strain so 
far known has them all. 

Crossing these strains together gives perfectly normal F; plants. They 
are able to grow better than their parents because the characters neces- 
sary for maximum development that one strain lacks. are supplied by 
the other and conversely. This increased growth is heterosis. 

Dominance of characters gives a reason why heterozygosis should 
cause the F; generation to grow more than the parents and not less. 
According to previous views it would have been just as reasonable to 
suppose that hybridization had a depressing or an indifferent rather than 
a stimulating effect. It also makes it easier to understand why hetero- 
zygosis should operate throughout the life of the individual even through 
innumerable generations of vegetative propagation. 


312 PATHOLOGY: E. F. SMITH 


This conception of dominance of linked factors to account for the facts 
as so far known does not preclude the possibility of a physiological effect 
resulting from hybridization apart from hereditary factors if such an 
effect can be demonstrated. It simply codrdinates the existing knowl- 
edge of heredity to give a comprehensible view of the way in which 
heterosis may be brought about. 


1 Contribution from the Connecticut Agricultura] Experiment Station and the Bussey 
Institution of Harvard University. 

2 East, E. M., Connecticut Agric. Exp. Sta. Rep., 1907, 1908, (419-428); Amer. Nat., Lan- 
caster, Pa., 43, 1909, (173-181). 

3 Shull, G. H., Amer. Breeders Assoc. Rep. 4, 1908, (296-301); Amer. Nat., Lancaster, 
Pa., 45, 1911, (234-252). 

* Fast, E. M., and Hayes, H. K., U.S. Dept. Agric., Bur. Plant Ind. Bull. No. 243, 1912. 

5 Keeble, F., and Pellew, C., J. Genetics, Cambridge, 1, 1910, (47-56). 


CHEMICALLY INDUCED CROWNGALLS 
By Erwin F. Smith 


UNITED STATES DEPARTMENT OF AGRICULTURE 
Communicated, January 26, 1917 


In 1911 in Bulletin 213 on “Crown Gall of Plants: its Cause and 
Remedy” (Bureau of Plant Industry, U.S. Dept. of Agric.) I expressed 
the conviction that while the disease was clearly due to Bacterium tume- 
faciens we would eventually be able to go a step farther (l.c., p. 175) 
and determine just what by-products of the organism were the direct 
cause of the over-growth. With this end in view, on several occasions 
I prepared flask cultures of the organism for use of the chemist of the 
Department and with substances said by him to be present in the cul- 
ture flasks and absent from the controls I have recently made ex- 
periments which tend to confirm my earlier supposition and expectation. 

It is not maintained for a moment that these are the only substances 
that are able to cause overgrowths in plants but only that they are the 
most interesting ones in that they are the products of a cancer parasite, 
or, if one prefers so to express it, of a schizomycete which is the cause 
of a plant tumor possessing many features in common with animal 
cancers. 

The substances produced by Bacterium tumefaciens in very simple 
culture media, 7.e., in flasks of distilled water containing 1% dextrose 
and 1% peptone with a little calcium carbonate added to neutralize 
any acids formed and thus to favor long continued growth since the 
crown gall organism is very sensitive to its own acid products, are—alde- 


PATHOLOGY: E. F. SMITH 313 


hyd, ammonia, amines, alcohol, acetone, acetic acid and formic acid, to 
which I think I may add traces of COs. 

These substances, it will be observed, are, for the most part, just 
those compounds which Jacques Loeb and others have observed to be 
the most efficient in starting growth in unfertilized eggs of the sea urchin, 
to wit ammonia, amines and fatty acids (vide Loeb: Artificial Parthen- 
ogenesis and Fertilization. ‘The University of Chicago Press, 1913). 
Their action in all probability is purely physical, that is, due to with- 
drawal of water from neighboring cells by increase of osmotic pressures 
whereupon the cells so acted upon begin to grow, at least it is possible 
to obtain the same phenomenon in plants with a great variety of sub- 
stances, not the product of parasites and not likely to come into con- 
tact naturally with the growing tissues. 

Thus far I have made no experiments with aldehyd or formic acid 
and have only just begun to experiment with acetone, but experiment- 
ing with the other substances named I have obtained from young tissues 
a prompt response in the form of over-growths. At first I used water 
dilutions of these substances painted on or injected, but eventually I 
used their vapors with marked success. The ethyl alcohol, however, 
was used mixed with acetic acid, and I do not yet know its unmixed 
effect. These experiments have been made on several kinds of 
plants subject to crowngall, especially on Ricinus, cauliflower and 
Lycopersicum. 

The tumors obtained have been small because only a single applica- 
tion was made and consequently the stimulus was soon exhausted, but 
there is no reason to doubt that a continued application of these sub- 
stances in high dilution, after the manner of the parasite itself, would 
result in tumors essentially like those occurring naturally in crowngall, 
or resulting from our bacterial inoculations. 

These tumors are either vascularized hyperplasias, mixed hypertrophy 
and hyperplasia, or simple hypertrophies. In them the cells are much 
more closely compacted than the parent cells and free from chlorophyll. 
The cells of the hypertrophies are frequently a hundred times the 
volume of the cells from which they have originated. In the acetic 
alcohol tumors there has been a great increase in the number of the 
cells, z.e., the development of a true hyperplasia, while in the hyper- 
trophies the component cells appear to be the original cells greatly 
enlarged. 

Curious vascular displacements and duplications have also been ob- 
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tained including in one instance an entire extra vascular cylinder in the. 
pith of Ricinus. | 

A fuller account accompanied by photographs and photomicrographs 
will be published in the Journal of Agricultural Research. 


[Since this was written I have also obtained small overgrowths on 
cauliflower leaves with both formaldehyde and formic acid but not. 
with vapor of ethyl alcohol or of acetone. E. F. S|] 


DYNAMICAL SYSTEMS WITH TWO DEGREES OF FREEDOM 
By George D. Birkhoff 


DEPARTMENT OF MATHEMATICS, HARVARD UNIVERSITY 
Communicated by E. H. Moore, March 12, 1917 


The present note contains a brief summary of a paper with the same 
title which is about to appear in the Transactions of the American Mathe- 
matical Society. 

The equations of motion of the dynamical system under considera- 
tion are taken in the variational form due to Lagrange 
d 
i Ly A: 
where x, y represent the two codrdinates of the system and where L is 
a quadratic function of their time derivatives x’,y’. By an appropriate 
change of variables the principal function L is reduced to 


Be a Gey) sian oe Bie tua 


and the equations of motion then take the simple form 


ep eb SU 


oY al ry’ = Yx yy" ra ha’ = Vy (A = Cam iy 


involving only the two arbitrary functions \, y, of x, y. In the reversible 
case, i.e., the case when linear terms are lacking in L, we have A = 0. 
The normal form just written is known in this special case, but is new 
in the general case so far as I have been able to determine. Any con- 
forma] transformation of the variables x, y joined with the correspond- 
ing transformation of ¢ leaves this normal form unaltered. 

By means of the transformation theory thus obtained it is established 
that a necessary condition for the existence of an integral linear in x’, y’ 
is that the curves \/y = const. form an isothermal family in the x, y-plane 
When this condition is satisfied suppose the particular transformation 
of the variables x, y to be made which takes the isothermal family into 
the family y = const.; if and only if a linear integral exists will the 
resulting functions \, y become functions of y alone; and in this case 
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the equations of motion can be directly integrated. As a second appli- 
cation of the transformation theory the equations of displacement are 
derived. 

For reversible problems it is known that the equations of motion can 
always be interpreted as those of a particle constrained to move on a 
fixed smooth surface. In the irreversible case I have been able to show 
that x, y may be regarded as the codrdinates of a particle constrained 
to move in a smooth surface which rotates uniformly about a fixed axis 
and carries with it a conservative field of force. 

Among all types of orbits the most fundamentally important are those 
which are periodic. 

The existence of periodic orbits is intuitively evident in the reversible 
case, when the orbits may be looked upon as geodesics. If proper re- 
strictions are imposed a closed geodesic will exist along which the arc 
length is a minimum, and this geodesic will correspond to a periodic 
orbit of minimum type. Orbits of minimum type may also be derived 
by means of an interesting criterion for the reversible case due to Whit- 
taker! first rigorously established by Signorini.2? Notwithstanding the 
fact that the integral analogous to arc length may change sign in the 
irreversible case Whittaker stated the direct formal extension of his 
criterion for this case. I have established that such an extension is 
legitimate if \ is of one sign, but not otherwise. This restriction on » 
is fulfilled in the restricted problem of three bodies. 

Unfortunately, as Poincaré pointed out, only unstable periodic orbits 
can be of minimum type. 

Another method may be employed to find a large class of stable pe. 
riodic orbits which I call of minimax type. This entirely new method 
may be stated in a special case as follows: There is a minimum length 
of string, constrained to lie in a given surface of genus 0, which may be 
slipped over that surface. In some intermediate position the string 
will be taut and will then coincide with a closed geodesic. 

Poincaré has proved that a closed geodesic exists on any convex sur- 
face by an entirely different method. 

A third method for the discovery of periodic orbits is that of analytic 
continuation. Hitherto the application of this method has been limited 
by the restriction that the variation of the parameter involved be ‘suf- 
ficiently small.’ This restriction turns out to be unnecessary in the 
reversible case if the orbits near any orbit always intersect it. If the 
conditions 

A>O, y>0, A (log y) >0 


hold in the irreversible case the restriction is also unnecessary. 
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An application of periodic orbits which is fundamental lies in the 
construction of surfaces of section. The existence of a ring-shaped 
surface of this sort was noted by Poincaré in the restricted problem 
of three bodies and allied dynamical problems. The results of my 
paper show that such surfaces exist in a wide variety of cases and may 
be of any genus and possess any number of boundaries. By means of 
a surface of section the dynamical problem reduces to a one-to-one 
analytic area-preserving transformation of the surface of section into 
itself. 

Periodic orbits correspond to invariant points of this transformation. 
Consequently the discovery of further periodic orbits hinges upon the 
proof of the existence of such invariant points. Two theorems con- 
cerning such points are proved by me. 

The first of these theorems is the following: If a surface of genus p 
admits of a one-to-one analytic transformation into itself which may 
be looked upon as obtained by a deformation then the excess of com- 
pletely unstable invariant points over all other types of invariant points 
ispprecisely 2p v2: 

If the transformation is merely restricted to be continuous the same 
argument shows that there exists at least one invariant point for p#+1. 
For the case p = O this last result constitutes a well-known theorem 
due to Brouwer.’ 

The dynamical application of the result for the analytic case is to a 
fundamental equality obtaining between the various types of periodic 
orbits. 

The second theorem is the following: If the region outside of a circle 
in the plane is transformed into itself in such a way that points on the 
circumference are advanced in one sense, so that points distant from the 
center are regressed by more than a fixed positive angle about the center, 
and so that areas are preserved, then at least two points are left in- 
variant by the transformation. This theorem is to be regarded as the 
extension of a theorem stated by Poincaré and proved by me.' 

These two related theorems are used to prove that infinitely many 
periodic orbits exist whenever a surface of section is at hand. 


1Whittaker, Analytical Dynamics, pp. 376-384, Cambridge, 1904. 
2Signorini, Palermo, Rend. Circ. Mat., 33, 1912, (187-193). 

3 Brouwer, Math. Ann., Leipzig, 69, 1910, (176-180). 

4 Birkhoff, Trans. Amer. Math. Soc., New York, 14, 1913, (14-22). 
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THE LAWS OF ELASTICO-VISCOUS FLOW 
By A. A. Michelson 


DEPARTMENT OF PHYSICS, UNIVERSITY OF CHICAGO 
Read before the Academy, November 14, 1916 


When a solid is subjected to a strain beyond the ‘Elastic Limit,’”* its 
behavior may be summarized as follows: 

First: The application of the stress results in a rapid elastic yield, 
which if inertia be negligible is practically instantaneous. If the stress 
be now removed, the specimen returns to its former position.f 

Second: ‘This is followed by a slower yielding whose rate, if the stress 
is not too great, diminishes with time, and which ultimately attains a 
constant value which may be zero. 

If the stress be now removed the specimen returns almost instanta- 
neously to a point short of its original position, and then continues at a 
much slower rate and ultimately comes to rest at a point short of its 
original position. 

If the stress is too great, the slow yield may increase until rupture 
occurs. | | 

The following may be considered as a provisional attempt to formu- 
late the behavior of substances under stress by the simplest expressions 
which have been found to satisfy all the essential requirements. 

* The term ‘elastic limit’ is very vague and should be replaced by limits which may be 
characterized as follows: a. The first limit is that within which the specimen returns in- 
stantly to its original zero. Beyond this limit, if stress be instantly removed, the specimen 
promptly returns to a position short of its original one, which may be designated the ‘new 
zero. b. The second limit is that beyond which the specimen does not return to its original 
position or to the ‘new zero,’ even after a long time. c. The third limit is that value of 
the stress which produces rapid yielding or rupture. 

} In many cases the time interval between application and release of stress cannot be 
made sufficiently short for complete instantaneous recovery. 

t Rupture may occur in consequence of such slow yielding, or, it may be practically in- 


 stantaneous. In the former case, the result is due to separation of the viscous coupling; in 
the second to the snapping of the spring. 
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The formulae which follow are in fact sufficiently general to include 
every case thus far examined, including materials of widely different 
properties, such as lead, tin, copper, aluminum, zinc, iron, steel, quartz, 
glass, calcite, limestone, slate, marble, wax, pitch, gelatine and rubber. 
It may, however, be expected that a more thorough investigation will 
require modification in the formulae which may be made to fit special 
cases with greater accuracy. 

The type of strain selected for this investigation is the torsion of cy- 
lindrical rods, as this is the only strain in which the form remains unal- 
tered. It is very probable that the laws governing this special type may 
be made to include other distortions such as extension, compression, 
bending, etc. 

Very decided changes may be expected from the effects of tempera- 
ture and pressure,* but these may be taken into account by an appro- 
priate alteration in the value of the ‘constants’ which enter into the 
formulae. 

The apparatus employed for the investigation consisted in a light 
pulley with radius of 8 cm. over which passed two cords, the ends of 
which carried scale pans for holding weights. 

The specimen to be investigated had a diameter of 12 mm. at the ends 
while the intervening portion (75 mm. long) had a diameter of 4 mm. 
One end was clamped to the supporting frame and the other to the 
pulley which rests on a knife-edge in the axis. 

The tests consisted in measuring the angular position of the pulley 
by a micrometer at intervals of one minute while under a constant torque. 

Laws of Elastico-viscous Flow.—The behavior of any solid under stress 
may be considered as the resultant of four elements: 

a. The elastic displacement, 

b. The elastico-viscous displacement, 

c. The viscous displacement, 

d. The lost motion. 

These will be considered in turn. 

The Elastic Displacement.—This is characterized by being approxi- 


* A preliminary investigation of the effect of hydrostatic pressure on elasticity and on 
viscosity was begun several years ago, which it was hoped would show results in conformity 
with those which maintain in the body of the earth—whose enormous pressure produces an 
increase in both rigidity and viscosity sufficient to make the body of the earth (which at its 
actual temperature under ordinary conditions would certainly be in a molten state) as solid 
as steel. This expectation has been partially realized for a number of materials, metallic 
and non-metallic; the results notwithstanding certain anomalies—traceable to the effects 
of previous history—showing a perceptible increase in rigidity and a very marked increase 
in viscosity even with the relatively small pressures obtainable in the laboratory. 
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mately proportional to the stress and independent of time.* A closer 
approximation is given by 
Si = CAP ele 


The Elastico-viscous Displacement.—This is manifested in a slow re- 
turn when the stress is removed; and it is assumed that the same forces 
are brought into play during the direct motion. 

This displacement is represented by the formula S, = A,(1—e7*¥*) 
where Az = C2Pe””. 

The Viscous Displacement.—Here the elastic force is absent or very 
small in comparison with the viscous resistance. The specimen does 
not return to zero even after a long time interval.t The viscous dis- 
placement is given by S3 = (Ft + Fofo)® — (Foto)® in which F =C3Pe'” 
and Fy) the corresponding value, when P has the value P,) during the 
time, fo. 

For a specimen which has not been subjected to previous strain the 
formula reduces to S3; = (Fi)®. Experiment gives p = 4 approxi- 
mately, until the specimen is near the rupture point when p approaches 
the value unity. 

The Lost Motion.—If the stress be applied for a short time (even a 
small fraction of a second) the specimen does not return to the original 
zero. ‘The difference between the original and the new zero is the lost 
motion, L. 

It seems probable that the lost motion may be considered as a function 
of ¢ such as Z’, where r is very small: (less than 0.02 for zinc). 

If this be considered as part of the viscous term » 


S3 = As f(t) 
then the total viscous yield may be represented by 


Ss = Aal f(t) + Cf] 

(If the actual stress is between the limits 0 and Py, C = 0) 

The Return.—lf after a time, t) the displacement has reached the 
value, S, and the stress is released, the specimen promptly returns to a 
displacement short of zero, and continues much more slowly in the 
same direction. 

If the elastico-viscous displacement at the time, f is given by 

So = Ad(1 ae e-%V te) 
* Doubtless there is some viscous resistance to this displacement, but it is very small. 


+ In some cases it may be made to return to the original position by heating, or by alterna- 
tion (alternate positive and negative diminishing stresses). 
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the corresponding return displacement at the time, ¢, counted from the 
instant of release, will be 
VGN Ase-aV¥i (1 — ea io) 
To account for the viscous term assume* 


Pests e 


1 e 1 
Se =|: ea ine, p= 
pe nm+1 


If F = constant, and Fy the constant value of F during the preceding 
stress during the time, fo, 

53 = ln + Foto)? — (Foto)? | 
counting from the actual zero. 

As shown by the formula, if the previous strain be considerable the 
new strain is relatively small. This strengthening by previous strain 
is one of the striking features of the behavior of every substance which 
exhibits viscous yield. 

If, in this expression, Ff represents the actual stress, it assumes that 
the viscous force is proportional to the velocity, which is true for fluids; 
but for ‘solid friction,’ the force is independent of the velocity. 

It may be assumed in the present case of internal viscosity of solids 
that the actual law may be between these two extremes, e.g. 


whence 


P =a(S)* in which K <1 
This would give P” instead of P, or, in better agreement with experiment, 
Be ies PCe” 


The elastico-viscous term is readily obtained by making the viscosity 
coefficient a function of the time. 
Thus, if the restoring force be represented by a s and the viscous re- 


° Qyyr a 
sistance by e”S, the integration gives S, =.S)(1—e 77) where a a 


andi r= —m-+1. 


* Experiment gives p = %, (0.3 to 0.6) which makes» = 1. The usual assumption, ” = 0 
gives p = l. 

+ The assumptions in both viscous and elastico-viscous hypotheses made the viscosity 
coefficient (that is the coefficient of $) zero at the beginning of the motion and infinite at 
t =o which is, of course, inadmissible. Instead of S" and /” we might substitute 
(8 + S”) / (b+ S") and (y + #) / (ce +2”) in which B/b and y/c are very small; but the 
resulting equations are far less simple and are not appreciably more accurate in expressing 
the results than those here given. 

t The usual assumption, m = 0, gives r = 1. 
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To determine the effect of temperature, the behavior of zinc, glass, 
ebonite, pitch and wax was studied. The results, together with the 
preceding may be summarized in the following formulae:* 


S = Ai + Ao Te + As Ts, 


. Ai = C1 Pew Ci. Eo eg ede 
Ap Oa he tn. ON hones. 
Agi Og Pe, C3 = £36 i ey aT, 
Tz = 1 — e-evi, On 0: 


p A p 
3 Ag ae A 
(75) 


applied torque, 


S = displacement (twist), P 

= time, f = duration of previous stress, 
= temperature, T = melting point, 

ok os 5, a, 0, m,.a, constants. 


ST 
| 


S 


* Instead of this series coupling, the following may be substituted: The unit consists of 
four elements: (1), (2) and (3) are in viscous contact with (4). (1) and (2) are in elastic 
coupling; and finally (3) of this unit is connected with (1) of the next following unit by an 
elastic coupling. The resulting formulae, however, are not essentially different from those 
here given. 


A NEW EQUATION OF CONTINUITY 
By Frederick G. Keyes 


RESEARCH LABORATORY OF PHYSICAL CHEMISTRY, MASSACHUSETTS INSTITUTE OF 
TECHNOLOGY 


Communicated by A. A. Noyes, February 28, 1917 


This paper presents a pressure, volume, temperature relation which 
has been carefully compared with the greater part of the available ex- 
perimental data during the past ten years. The equation, valid when 
only one type of molecule is present, is 


Ee i a 
es oe (v—1)? “) 


where log 6 = log 8 — a/v, and 8, a, a, and 6 are constants; F is the 
universal gas constant. 
The equation is based on considerations resulting from the inferences 


regarding atomic structure, obtained since the discovery of the negative 
electron. The model atom consists of a positive central portion about 
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which electrons are revolving. The negative electrons are assumed to 
possess a charge in the aggregate equal and opposite to the positive 
central charge. This model atom is essentially the atom discussed by 
Nicholson and Bohr. 

Imagine an assemblage of such model atoms contained within an 
envelope and subject to their mutual attractive forces. The revolving 
electrons of a given atom generate a magnetic field and for convenience, 
therefore, the revolving electrons may be conceived as circles of current 
about the positive central portion of the atom. The positive central 
portion of one such atom repels the positive charge of another atom in a 
manner varying inversely as the square of the distance, and similarly the 
negative charges repel as7v~?. The negative charges attract the positive 
also according to r-?; but since, if all of the atoms were suddenly fixed 
in position their average distances apart would be equal, it may be as- 
sumed that the attractions and repulsions of the positive and negative 
charges mutually cancel. The potential due to the fields of the re- 
volving electrons however do not cancel and therefore on the whole 
the resultant attraction in the assemblage of particles varies ap- 
proximately as r~*. 

The attempt to calculate the complete expression for the force be- 
tween two such model atoms is difficult and will require a more detailed 
knowledge of the atom. Sufficient is known, however, to make it certain 
that the attraction increases slightly more rapidly than r-*. 

An envelope of volume v and containing m particles would provide a 
space for the habitation of each particle on the average equal to v/n, so 
that the distance apart of the molecules, if a is the radius of the spherical 
envelope, would be equal to ¢ = a(4r/3n)?. Therefore the potential 
energy would be proportional to 144 220 or equal to h/v where h is 
a suitable constant. The attraction then directed toward the center, 
would be per unit of surface identical in form to van der Waals’ cohesive 
pressure a/v?. Now if the attractive force really increases slightly 
more rapidly than r-* as appears to be really the case, it is easily per- 
ceived that a/v? would only be valid at very large volumes. A simple 
device to correct the expression is to assume that ®, the cohesive pres- 
sure, may be represented by a/(v —1)?, where / is a small constant which 
will of course make ® increase more rapidly with diminution of volume 
than a/v? in the ratio of v?/(v —1)2. 

The truth of the cohesive pressure expression @ = a/(v—l)? can be 
determined only by experiment since a rigorously complete solution 
for the attraction of an assemblage of the model atoms appears to be 
impracticable. If then the volume function for © given, is in agreement 
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with experiment and the sign of / comes out positive and not negative, 
as there is good reason to suppose it should, increased faith in the validity 
of the fundamental thought will have been established. 

The term (v—b) of van der Waals has given rise to much discussion. 
It now appears that a rigorous application of van der Waals’ mode of 
thought really leads to a different expression for the ‘volume correc- 
tion.’ It is, however, (v—b) which seems to be the corrrect form as 
judged by comparison with experiment. With potential forces existing 
between the particles, it is difficult to see how collisions occur in the 
sense of the classical kinetic theory, at any rate within the mass of the 
gas. Indeed for an assemblage of particles such as here imagined a 
collision, as conceived by the older theory would not occur in general, 
except possibly at the boundary. It would, however, still be necessary 
to take account of the finite size of the atoms or rather more likely a 
certain space the center of which was occupied by an atom. In the 
case of a monatomic gas this volume would be fixed and the b of van der 
Waals therefore a constant. The equation of state for a monatomic 
gas at those volumes and temperatures where association is excluded 
would accordingly be 


R a 
Serre Gas (2) 
where 8, a, / are constants and R is the absolute gas constant defined 
by R = pv/T, the equation of a perfect gas. 

When two of the model atoms are united to form a diatomic molecule 
an effect comes into play which is absent so long as monatomic particles 
are alone considered. A diatomic molecule is assumed to be held to- 
gether by forces due to the positive and negative charges and the mag- 
netic effect of the field due to the rotating electrons. The distance 
apart of these diatomic molecules in general will be large compared to the 
distance separating the two atoms forming the di-atom; but in an assem- 
blage of these di-atoms, the field due to the assemblage must react to 
vary the distance separating the two atoms of a diatomic molecule. 
This would be inferred from the fact that for a magnetic shell in a mag- 
netic field the reaction is always such as to bring about a decrease in the 
mutual potential energy. This decrease in the molecular case under 
consideration would result in a shortening of the distance between the 
two atoms of the di-atom or a decrease in its apparent volume as the 
strength of the field due to the surrounding di-atoms increased. It ap- 
pears at present an impossible task to calculate exactly the apparent 
volume corresponding to van der Waals’ 6 from such a physical picture. 
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The original mode of guessing the form of function is accordingly 
given. 

The value sought, denoted by 6, would be a function of the volume 
alone and such a function that at infinite volumes it becomes constant, 
since when large distances separate the di-atoms the effect of the field 
due to the surrounding molecules would be negligible. The value of 6 
for v = © let it be assumed then is 8, a constant. The rate of change 
of 6 for changes in volume would presumably be a function of the field 
due to the assemblage of particles and the value of 6, since the effect is 
due to the mutual action of the forces holding the di-atoms together and 
the external field due to the diatoms conjointly. This may be expressed 
by writing dé/dv = f(6F), where F is the force. Now the simplest as- 
sumption under the circumstances is to assume that di/dv = kiF where 
k is a constant. The value of F taken per unit of area is approximately 
a/v? and the primitive of the equation becomes then, log 6 = log 6B —a/v 
where ka = a another constant, and @ is of course the limiting value 
which 6 assumes when v Is infinite. The equation for a diatomic assem- 
blage of particles becomes then equation (1). 

The equation (1) arrived at by such crude methods has been found 
to accord with the facts in a surprisingly exact manner, but in the present 
paper I will exhibit the evidence which has to do with the gist of the 
whole argument underlying the deduction of equations one and two. 
A later paper will present a discussion of the equation from a more 
general point of view including a comparison with all the available experi- 
ment data for various substances. It accordingly suffices for the present 
purpose to point out that the whole thought is tested uniquely by com- 
paring a diatomic system with a monatomic system. The value of 6 for 
the monatomic substance reduces to the constant 6 independent of the 
volume while 6 becomes a volume function when the system consists of 
diatomic particles alone. 

Recently sufficient data have appeared for argon which enables the 
test to be applied, while the diatomic system nitrogen will serve to test 
the functional form of 6. The triatomic molecule carbon dioxide ap- 
pears to follow the same functional form for both gas and liquid phases. 
It should be emphasized that only those regions are available as legiti- 
mate for comparison purposes in which one order of molecule is present. 
That is to say, there must be no doubling of the argon atoms to form 
diatoms or association of the nitrogen molecules within the region of 
experimental data where comparisons are made. Such regions are for- 
tunately a part of the experimental data contained in the literature. 

It is noted that when the volume is held constant equations one and 
two state that the pressure will increase linearly with the temperature. 
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This fact was observed and discussed by Ramsay and Young for ether 
and carbon dioxide. Amagat thought, from an examination of his own 
data, that the ‘law’ was nearly exact in the case of many substances, 
certainly not true, however, in the case of the alcohols and water. Un- 
fortunately it is necessary to have very accurate pressure measure- 
ments, to test the rule and moreover the measurements have always 
been made along isotherms instead of along isobars. This makes it 
necessary to obtain the constant volume data by graphical means with 
the liability of introducing a trend into the experimental data. It is 
comparatively easy to measure temperatures and pressures, but volume 
measurements under pressure are extremely difficult. Every substance 
which may be used to serve as a container for the experimental substance 
expands with temperature and pressure increase and the expansion 
may be moreover a complicated function of the time. 

There can scarcely be any doubt that the high pressure gauge used 
by Amagat for the measurements above 1000 atm. was more in error 
than his low pressure gauge.. The values of pv for nitrogen were plotted 
accordingly for the several temperatures from 0° to 200°, with v as one 
coordinate in the region up to 1000 atm. Values of pv were read off at 
the different temperatures for various values of the volume thus yield- 
ing material for calculating the constant volume, pressures, and tem- 
peratures. These values were laid off on coordinate paper and the best 
straight line passed through the data. The equations of the several 
straight lines was corrected subsequently by calculating the deviations 
and constructing an additional graph by means of which a deviation 
equation could be evaluated and also any trend in the deviations detected. 

The equations obtained were all of the form, p = [WT — 4], and by 
comparison with equation (1) ¥ = R/(v—6) and 6 = a/(v—/)? whence 
56 =v—R/W. The 6 values may be treated best by using log 6 and 1/v 
as the coordinates of the graph since it is propsed to test the functional 
form 5 = Be“. The & values were tested by writing v = Va/V® +1. 
It is seen that v should be plotted with 1/ ¥# as abscissae. The graph 
for nitrogen is given in figure one and for argon in figure two. It should 
be stated that the data given by Amagat above 1000 atm. give values 
of log 6 which join on to the values in figure two, but begin to differ 
slightly in trend as the pressure becomes greater. In fact a straight 
line may be passed through the 1-1000 atm. series and the 1000-3000 
atm. series with the lines intersecting at about 1000 atm. The effect 
is due undoubtedly to the inaccuracy of the high pressure gauge. 

The graphs show the functional form of 6 as related to volume changes 
is very accurately satisfied, while argon shows no trend. In the graph 
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TABLE 1 


NITROGEN EQUATION OF STATE 


; pile p, 16.03° p, 99.45° p, 199.5° 
5.354 149.8 161.8 225.4 299 .7K 
150.0 162.0 225.0 299 A 

4.150 199.8 DG 306.6 414.0 

200 .O 217.0 307.0 414.0 

3.460 250.4 Dial 390.3 531.3 

250.0 273.0 392.0 530.0 

3.024. 299.7 327.6 472.4 646.4 

300.0 328.0 474.0 644.0 

2.729 347.7 381.1 552.9 759.5 

350.0 383.0 556.0 758.0 

2511 396.0 434.4 632.8 870.8 

400.0 439.0 637.0 869.0 


The volume of 1 gram as determined by experiment is 799.1. This volume substituted 
in the equation of state gives 1.0004 instead of 1.0000. 


2.9139 1587.2 
= Dict a ee tae 
v—6 (v — 0.007)? 


0.2839 
logio 6 = 0.22001 — ——_— 
v 


TABLE 2 


COMPARISON OF CALCULATED PRESSURES WITH PRESSURES GIVEN BY CROMMELIN FOR ARGON 


eee Peal Pobs v Cane fe leeeal Pobs v ae Pal Pobs Ly 
+20.39/61 .932/61 .741/0.016876 —119.2 |37.753)37.64110.010327 
0° 31.478/31.572/0.030958 ||—113.8 |42.692|42 .68210.009374 38. 219137 .923/0.0101150 
0° 36.671|36.61 |0.026467 47 616/47 .655/0.0077421 43 .304/43 .006/0 .008002 
—57.72|34.994/35 .127|0.020782 52 .074/51.752/0.006548 46 .189/46 .082|0 .0069582 
45 .876|46.209|0.015397 52 .566|/52.188/0.006435 47.95 |47.272|0.0063954 
61.987/62 .079/0.011026 
— 87.05/33 .231/33.296/0.017912 
40 948/41 .094/0.014003 |/—115.86)/41 .932/41 .908/0.009257 
51.431/51.533/0.010568 50.710|50.324/0.006446 
61. 822/61 .830/0 .008345 55.13 |53.204,0.0055576 
— 102 .51/28.150|28 .840|0.019037 55.83 |57.493|0.0054536]|— 120. 24/37 .801/37 .836/0 .010083 
32.375|32 .394/0.016070 41 566/41 .668/0.0084389 
35 .552/35 .78410 .014294 44. 346/44 .510|0.0073363 
40 .808|40.976/0.011916 ||—116. 62137 .171137.250|0.011042 
45 .000/45 .088/0.010438 41 .811/41 .943/0.009075 
51. 323/51 .398/0.0086296 46.164/46.496/0.0074801 
56.996/56.882/0.007372 50.45 150.25910.006261 |/—121.21/37.588/37.465|0.0099676 
63 . 262/62 .239|0.0063285 41 .848]41 .93210.0080740 
— 109. 88/31 .532/31.515|0.015351 45 266/45 .282/0.0067138 


32 .051/31.929|0.015031 
49 .402|49.515/0.007964 
54.475/54.250/0.006742 
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of the latter substance the logarithm of 6 was plotted with the density 
in order to bring out more clearly the relation of the various 6 values to 
the density although an inspection of the tabulated values show that 6 
is constant. It might be added that helium, while the data are less 
extensive, gives identically the same result as does argon. 

In tables 1 and 2 will be found the comparisons of the pressures calcu- 
lated for the volumes and temperatures as given by Amagat for nitrogen 
and Crommelin for argon. ‘The nitrogen pressures calculated show 
about as good an agreement throughout with the observed pressures as 
could be expected. 


THE CLASSIFICATION OF VASCULAR PLANTS 
By Edward W. Berry 


GEOLOGICAL LABORATORY, JOHNS HOPKINS UNIVERSITY 
Communicated by W. Trelease, February 14, 1917 


A scientific knowledge of plants or other natural objects consists to 
a very considerable extent in a knowledge of their mutual (phylogenetic) 
relations, hence the necessity of a Taxonomy that will consistently 
express filiation, which is only another way of stating that it should 
be phylogenetic. Science does not consist merely of names, but it 
cannot very well progress without a terminology, and not until 
this terminology becomes an expression of evolution can it become 
consistent and itself scientific. | 

Botanists have rather effectually grappled with this problem in the 
case of the lower plants, but the classification of the so-called vascular 
plants remains largely as an inheritance from the study of the end 
products of their evolution, namely a study of the existing vascular 
plants, with but slight consideration of the recent progress of paleo- 
botanical investigation. 

The not so very long obsolete practice of considering the Angiosperms © 
and the Gymnosperms as subclasses of the class Exogens was a no more 
pernicious mask of their true relations than the extant usage which 
considers vascular plants as separable into two great phyla—the Pteri- 
dophyta or Sporophyta and the Spermophyta. With the subdivisions 
of these two groups the present situation is equally inexpressive of our 
present state of knowledge. To the paleobotanist the Angiosperms and 
the Gymnosperms are obviously not groups of the same order, the 
latter including several groups of comparable rank with the Angio- 
sperms as a whole, and extending over a period of time expressed by 
the ratio of 21 for gymnosperms to 6 for angiosperms. 
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Furthermore can any characters be mentioned which in the light of 
paleobotanical knowledge and evolutionary theory are more illogical as 
the basis for the characterization of great groups than siphonogamy, 
or the number of cotyledons, or the great stress that is laid upon the 
morphology of flower parts in the classification of the socalled flowering 
plants. 

The attempt to force the vegetation that clothed the earth five or 
ten, or fifteen millions of years ago into the taxonomic bounds formu- 
lated for the flora of a single geological period, namely—the Present, sug- 
gests the petrified asters (Sphenophyllum) which Lehmann described 
from the Carboniferous, or the cacti, galiums and euphorbias which 
‘Lindley once described from the English Coal Measures. 

During the long ages of the Paleozoic there were at least four dom- 
inant major groups of land plants and a fifth should probably be added, 
since while the true ferns were not as numerous as was once supposed, 
the other groups show more or less evidence of having had ferns for 
ancestors. These other groups that were dominant in the Paleozoic 
are those of the seed ferns, the Lepidodendrons (and their allies), the 
Calamites (and their allies) and the Cordaites (and their allies). What 
can be said of a practice which unites in a single order such complex 
arborescent quasi seed plants as some of the lepidodendrons and exist- 
ing club mosses separated by a time interval of many millions of years 
and by an almost equally great structural gap? 

During the Mesozoic the dominant plants were the ferns, cycad-like 
plants, conifers and ginkgoes, all of which underwent adaptive radia- ° 
tions on all of the continents and which should form the basis for a 
dozen natural orders instead of but four, in fact Nathorst has already 
proposed that the cycad-like plants shall constitute a separate phylum— 
the Cycadophyta. 

The proposals that follow were formulated in 1910 and have been 
tested in university and research work during the interval that has 
elapsed. They were used in an article on Paleobotany for the new 
International Encyclopedia (1915) and are put forward in a somewhat 
categorical manner at the present time as a summary of the present 
status of paleobotanical knowledge and as an invitation for comments 
from competent critics. 
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Phylum Angiospermophyta (ayvyetov, a receptacle). Berry, 1915 
(Anthophyta). 

Phylum Coniferophyta. Coulter, 1912, Including the Gnetales. 
Coniferales. 
Araucariales. 
Taxales* 
Gink goales* 
Cordaitales. 

Phylum Cycadophyta. Nathorst, 1902. 

Megaphyllous; leaves compound; stems phyllosiphonic; with pri- 
mary roots; ciliated sperms. Gymnospermic and _ strobiloid. 
Including Cycadales, Williamson iales and Cycadeoidales 
(Benettitales). 

Phylum Pteridospermophyta. Ward, 1904. (Cycadofilices of Potonié, 
1902). 

Megaphyllous; phyllosiphonic; spermophytic, o and 9 sporophylls 
little differentiated from the vegetative foliage; gymnospermic but 
never strobiloid; filicinean in form and habit and much of their 
vascular anatomy. Including Cladoxylaceae, Lyginodendraceae, 
Medullosaceae, Cycadoxylaceae, Protopityaceae and incertae 
sedis including Aneimites, Gigantopteris, Glossopteris, etc. 

Phylum Lepidophyta (emis, idos, a scale). Berry, 1915. 
Microphyllous; cladosiphonic, with exarch protostele; homosporous, 
heterosporous and quasi spermophytic. Prevailingly strobiloid. 

: Lycopodiaceae 
ee f Selaginellaceae 
Tsoetales 
Psilotalest 

Bothrodendraceae 
Lepidodendrales | Lepidodendraceae 
| Sigillariaceae 
Phylum Arthrophyta (ap0pov, a joint). Berry, 1915f 

Stems articulated at the nodes, ribbed. Leaves verticillate, dich- 
otomously compound in the Pseudoborniales and the Protocal- 
amariaceae, palmately laciniate in some Sphenophyllales; pro- 


* There is a question whether these two groups with possibly the Cordaitales should not 
be united as an independent phylum intermediate between the Coniferophyta and the 
Cycadophyta. 

+ The Lepidophyta correspond to the Lycopsida of Scott except that he refers the Psilo- 
tales to his Sphenopsida (Scott, 1909). 

t Nearly equivalent to the Articulatae of Lignier and the Sphenopsida of Scott. 
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gressively reduced during the history of the phylum. Sporangio- 
phoric and strobiloid. Homosporous and heterosporous. 
Class Sphenophyllae-Sphenophyllales 


( Pseudoborniales (Nathorst, 1902) 


| Gal ariales if Calamariaceae 
Class Calamariae { | Protocalamariaceae 
(Potonie, 1899) 
l Equisetales 


Phylum Pteridophyta (emended to correspond to the Filicales). Berry, 
1915. 

Megaphyllous; phyllosiphonic; fructifications on but little modi- 
fied foliage leaves, never strobiloid; prevailingly homosporous. 
Heterosporic and quasi spermophytic in certain highly special- 
ized Paleozoic lines, and in existing Hydropterales. 

Class 1. Coenopteridae (xo.vds, common or general, in allusion 
to their generalized characters). Seward, 1910* 


( Ophioglossales 
Class 2. (?) Eusporangiatae | Marattiales 
} Psaronius (Pecopteris), etc. 


Osmundales 
Gleicheniales (?) 
Matoniales (?) 
Polypodiales, 
including Hy- 
menophllaceae, 
Schizaeaceae, 
Cyatheaceae, 
Parkeriaceae, 
Polypodiaceae. 


Class 3. (?) Leptosporangiatae, or Eufilicest 


Hydropterales 
Class 4. Hydropteridae f Sagenopteralest 


* The Inversicatenales of Bertrand (1909) and the Primofilices of Arber (1906). 
} Probably has additional fossil representatives. 
{ The subdivisions of this class are tentative. 
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DISPLACEMENT INTERFEROMETRY IN CONNECTION WITH 
U-TUBES 


By C. Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY 
Communicated, March 7, 1917 


1. Introduction—A variety of constants in physics may be found 
from the relative heights of two communicating columns of liquid. 
This is for instance the case in the classical experiment of Dulong and 
Petit on the thermal expansion of liquids. Again if one of the tubes is 
subject to a special force acting in the direction of its axis, this force in 
its bearing on the liquid may be evaluated from the resulting difference 
of heads of the columns. Thus one tube may be surrounded by a mag- 
netizing helix and the effect of the axial magnetic field on the liquid in 
question (i.e., the susceptibility) found from the displacement of its 
surface by the presence and absence of the field; etc. It seemed to me 
worth while therefore to test whether it would be possible to measure 
small displacements of this kind by passing the two component beams 
of a displacement interferometer axially through the two columns re- 
spectively, and to measure the differential effects in question in terms 
of the resulting displacements of fringes. 

2. Apparatus.—The interferometer used was of the same form as that 
' before described (these PROCEEDINGS, 3, 1917, 117), Bin figure 1 being a 
heavy iron block, one foot in diameter and 1.5 inches thick, on which 
the mirrors M, N (the latter and preferably both on micrometers) are 
securely mounted with the usual direct rough and elastic fine adjust- 
ment for horizontal and vertical axes. A beam of parallel white rays 
L arrives from a collimator (not shown) and impinges on the half silver 
plate H, to be reflected and transmitted at a convenient angle @ (about 
60°), thus furnishing the two component beams which are to traverse 
the limbs of the U-tube. ? 

The vertical columns of this tube are shown at C and C’ (with acces- 
sory mirrors removed) and they are joined to the capillary tube p near 
the bottom of Cand C’. Details will be given in connection with figures 
PORN Si 

The ray HM strikes a mirror symmetrically at 45° to the vertical 
below C, is thence reflected upward along the axis a striking another 
mirror above also symmetrically at 45° and parallel to the former, 
whence it is reflected to the opaque mirror M. The latter reflects the 
ray normally back so that it retraces its path as far as H, by which 
plate it is now transmitted to be observed by the telescope at T. Sim- 
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ilarly the transmitted component ray HN is guided by suitable reflectors 
at 45°, so as to take the path Ha’Na’HT, thus passing axially (a’) through 
the tube C’. 

It is necessary that the U-tube CpC’ be mounted independently of 
the block Bon suitable bracket or arm attached to the pier. Otherwise 
any manipulation at N will disturb the surfaces of water in C and C’. 
Ordinary clamps admit of raising or lowering or rotating CC’ satisfac- 
torily, always providing that it shall not touch B. The telescope at T 
is also mounted apart from B on the table below. The direct vision 
prism grating g is placed immediately in front of the objective and 
swivelled (as described, loc. cit.) so that either the white slit images or 
their spectra may be seen in the field of view, according as g is rotated 
aside or is in place. 


In figure 2 a front sectional elevation of one of the shanks of the U- 
tube is given with all appurtenances, and a similar sectional elevation 
at right angles to the former is added in figure 3 for the top of the tube. 
In figure 2 the mirrors m’ and m are on horizontal axes and the component 
ray coming from behind the diagram strikes m’ below, is reflected axially 
upward through CC, impinging on the mirror m (also on a horizontal 
axis) whence it is reflected horizontally toward the front of the diagram. 
The ray a and mirror m are given more clearly in figure 3. The lateral 
capillary tube appears at p and the tube C is closed below with a plate 
of glass e, cemented in place. 

To mount the mirrors m, m’, snugly fitting rings r and ¢’ encircle 
the tube C near its top and bottom and can be fixed by the set screws 
sand s’. In virtue of these rings the mirrors m, m’, may be rotated at 
pleasure around the vertical axis a of CC. The horizontal axis of the 
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mirrors m, m’, rotates at pleasure in the vertical arms A, A’ of square 
brass tube. A, A’ in turn may be slightly swivelled about the horizontal 
axis b, b’, in a rigid lateral projection of the rings 7, 7’. Thus m, m’ are 
capable of rotation around 3 axes normal to each other, and adequately 
clamped in any position. 

The component ray HN may be adjusted to the center of the lower 
mirror m’ by placing the collimator L and then guided axially by m’mN 
as described each being adjustable. The component ray HM may be 
similarly adjusted to the center of the lower mirror m’ (at 45°) by (slight- 
ly) rotating the half silver plate, H (on horizontal and vertical axes) 
and then guided axially by m’mM. As a whole the adjustment is diffi- 
cult, though it need not be much refined. Clear white slit images in 
the telescope J are an adequate criterion. 

In the absence of a liquid in CC figure 2, the fringes are easily found 
after careful preliminary measurement and they are strong and satis- 
factory. When this adjustment is given the presence of liquid in CC, 
if the two columns are of nearly equal length, does not much modify the 
adjustment. In fact the fringes were found much more easily than I 
anticipated and in quiet surroundings they are strong and fine. It is 
* necessary however that the tube CC should be of sufficient width to avoid 
all curvature due to capillarity, at least in the axis. Tubes 2 cm. in 
diameter and 10 cm. long of thin brass were first tried, but proved to 
be too narrow. No sharp slit images could be obtained with reasonable 
care as to setting the mirrors. Thereafter tubes 4 cm. in, diameter were 
used and these proved to be satisfactory. Slit images were sharp and 
parallel and could be easily brought to coincide. 

3. Equations —Some estimate of the increments to be anticipated 
may be given here, and expressed in terms of the Dulong-Petit experi- 
ment. If a is the mean coefficient of expansion of water at the tem- 
perature in question and AH the increment of the head H correspond- 
ing to the temperature difference At between the columns 


AH = a HAt (1) 


Again if AN corresponding to AH is the displacement of center of ellipses 
at the wave length » and wu the index of refraction of water, so that up = 
A + B/d, nearly, 
An 
_ eee 2 
AH ae (2) 
Hence A ¢ may be computed as 


An , 
aT a 2B aaa ; 
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Since the value of AN is within 10-*cm. and H = 10 cm. in the above ap- 
paratus, we may further write at mean temperatures (25°) a= 2.5 <10-4; 
pw = 1.333; B = 10 X 3.1, 2B/? = 0.018 at the D line. Thus 
et 2B 65 landiAY — 104/351 < 2.5 x 10+ X 10 = 0.114%: 
In other words in case of tubes 10 cm. long, the effect of a difference of 
temperature of about 0.1° between the tubes should be easily observable 
by mere displacement, whereas a difference of less than 0.03° would 
be equivalent to the passage of one interference ring. 

Again from equation (2), if AN = 10-* cm. then AH = 10-*/.351 = 
10-* X 2.8 cm. or about 9 X 10-5 cm. per vanishing interference ring are 
the displacements to be anticipated. These are equivalent to pressures 
of about 0.3 and 0.1 dynes per cm’. 

A number of experiments were made with this apparatus but for these 
there is no space here. 

5. Jamin’s Interferometer.—The ease with which the Michelson inter- 
ferometer may be adjusted and its remarkable adaptability have led 
to its general preference over the older form of Jamin. Nevertheless 
the latter furnishes two parallel rays which for such purposes as the 
present are desirable. Hence if the four faces of the interferometer be 
separated in the manner suggested by Mach, a very available form of 
interferometer is obtained. But the trouble with the arrangement is 
the difficulty of adjusting the four surfaces. Not only are the centers 
of ellipses able to be remote from the center of the field, but it is often 
hard, without special equipment, to even find the fringes. 

If however the device which I suggested elsewhere is adopted, 1.e., if 
figure 4, the half silvered plates, M, N, are at the ends of a simple strip 
of plate glass, so that rays terminating in M M’ N N’ after adjust- 
ment necessarily make a rhombuslike figure symmetrical to MN the 
fringes are found at once: for they appear when the white slit images 
in T coincide horizontally and vertically and the rays bd and cd inter- 
sect in the common point d. Hence the mirrors, M’, N’, should be on 
carriages D, F, adapted to move on the parallel slides S, S’. M, N 
may also be put on a carriage E though this is not necessary. S, S’ 
need not be parallel to ac or bd. If the mirror M’ and N’ are wide, 
considerable latitude of adjustment is thus obtained. 

If M N is half silvered on the same side (i.e., toward N’)a compen- 
sator is needed in ac or cd, if path difference is to be annulled (symmetry). 
If however M is half silvered on the WN’ side and N on the M’ side, no 
compensator is required. In the latter case however, if ordinary plate 
glass is taken, M and N are not quite parallel and the ellipses will be 
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eccentric. This however is not necessarily a disadvantage, unless the 
strip MN is excessively wedgeshaped. 

The ellipses obtained are usually long vertically, so that the fringes 
soon become straight and the rotation is extremely rapid whenever the 
center of ellipses is out of the field. It is therefore possible to adjust 
relative to horizontal fringes (parallel to shadow of wire across slit), as 
these incline very obviously for a displacement of less than 10-4 cm. 
and rapidly become vertical. For this reason it makes little difference 
whether the half silvers are on the same or on opposite sides, or whether 
observation be made at T (cd prolonged) orat T’ (bd prolonged). More- 
over the plate MN may be conveniently constructed as in figure 5, of 
two mirrors m, n, attached to the clear strip of plate glass, g, by aid of 
strong steel clips at c, c’. With the half silvers s, s’ on the same side, 
the wedge angle of the glass is excluded. For shorter diagonals, the 
plan of figure 6 with the silver surfaces s, s’ held together by clips at ¢ 
is preferable. 

If the mirror M’, figure 4, is displaced a distance e where a glass plate 
compensator of thickness £, and refraction constants uw and B is intro- 
duced normally either into ab or bd, the equation is easily seen to be, at 
wave length 

E (wu — 1) + 2 B/ = 2e cos 6 


where 6 is the angle of reflection at M@. Using the plate E = 0.434 cm. 
treated above, the first member is 0.2428 cm. Values of e of 0.2420, 
0.2409, 0.2427 were roughly obtained. Hence the mean value of @ 
should be about 60°, as it actually was. Certain outstanding difficulties 
may be met by making MN, figure 4, the short diagonal of the rhombus 
and using the strip figure 6. In sucha case 6 at M’ is small and in view of 
the nearly normal reflection at M and N relatively little reflection comes 
from naked glass, sliding is largely avoided and no compensator is neces- 
sary. In this case the fringes for no path difference are actually black 
horizontal lines on a colored ground and far enough apart that 1/10 
fringe could easily be estimated. A test experiment with the above 
plate showed e = 0.1244 cm. corresponding to the small angle 6 a little 
over 12°. 

When the. U-tube CC’, figures 2 and 4, is introduced, the strip M N 
will have to be at a considerable angle (about 45°) to the horizontal, 
so as to raise the N end about 15 cm. above the M end, corresponding 
to the height of m above m’ in figure 2. The new condition however in 
no way changes the general procedure. In case of figure 5 the mirror NV’ 
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must be high and M’ low. If C’ is at G’ the whole of each component 
beam may be caught and passed through the respective shanks of the 
U-tube. The fringes are strong, easily found and large, so that the 
center of ellipses is not far outside of the field of the telescope. 

Finally if the connecting tube f is nearly horizontal when in place, 
the fringes are usually found at about the same position of the microm- 
eter (at M’) after the liquid is introduced into the U-tube. 

Experiments were also made with this apparatus. Displacement in- 
terferometers in which the rays do not retrace their respective paths have 
an important special property which I wish to accentuate in conclusion. 
If either opaque mirror is displaced on its micrometer normal to itself 
or if a plate compensator rotates in one beam on a vertical axis, the 
center of ellipses moves parallel to the length of the spectrum. If how- 
ever the plate compensator rotates on a horizontal axis, the center of 
ellipses moves nearly transversely to the length of the spectrum. The 
phenomenon is quite sensitive. To this result I shall return in a suc- 
ceeding note, in connection with the development of the Jamin design 
for displacement interferometry. 

The present note will be presented in more extended form in a report 
to the Carnegie Institution of Washington. 


ATTEMPT TO SEPARATE THE ISOTOPIC FORMS OF LEAD BY 
FRACTIONAL CRYSTALLIZATION 


By Theodore W. Richards and Norris F. Hall 


WOLCOTT GIBBS MEMORIAL LABORATORY, HARVARD UNIVERSITY 
Communicated, March 10, 1917 


Although the complete inseparability of isotopes by chemical means 
has been frequently asserted, the evidence on which this assertion is 
based has always seemed insufficient. The methods used have been 
fractional crystallization and precipitation, but these processes have 
seldom been carried out more than ten times in a particular case, and 
frequently six or seven crystallizations have been thought a sufficiently 
thorough test of inseparability. A search of the literature revealed 
only one investigation, that of Radiothorium and Thorium by McCoy 
and Ross,| where as many as one hundred repetitions of a given process 
had been made. 

It seemed worth while, therefore, to apply to the important generali- 
zation of Fajans, Russell, Fleck and Soddy a more searching test carry- 
ing the fractionation further, and using as a criterion of success not only 
the measurement of radioactivity but also the determination of atomic 
weight. 
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The lead from Australian carnotite, with which the kindness of Mr. 
S. Radcliff and Mr. E. R. Bubb had supplied us and which had been 
used in previous atomic weight and density determinations in this labora- 
tory,? seemed well suited to our purpose. 

About 1 kilogram of this lead was converted into nitrate and used for 
the fractional crystallization. Lead nitrate crystallizes from aqueous 
solution in compact, large octahedra which can be very completely freed 
from mother liquor merely by drainage, and come rapidly to equilibrium 
with the mother liquor. 

The whole of the nitrate was dissolved in distilled water and evapo- 
rated untila crust began toform. This was called fraction 1. After cool- 
ing to room temperature the mother liquor was poured off and formed 
fraction 2. To the crystals from fraction 1 was added sufficient water 
to dissolve them, and the solution was called fraction 3. 

Fractions 2 and 3 were evaporated to saturation and cooled as frac- 
tion 1 had been, the liquor from 2 forming fraction 4. Fraction 5 was. 
made by adding the liquor from 3 to the crystals from 2, and water was 
added to the crystals from 2 to form fraction 6. This process was con- 
tinued until, as occurred first with fraction 16, one of the end fractions 
became too small to work with conveniently and was consequently added 
entire to the mother liquor from fraction 17 to form fraction 22. This 
expedient was resorted to wherever the end fractions became incon- 
veniently small. In all, seventy-five courses or tiers of fractions were . 
obtained, most of the last of which contained eighteen fractions to a 
tier. The number of effective crystallizations was 904. 

The crystallization was carried out entirely in porcelain, at first in 
large evaporating dishes, then, as the fractions became smaller, in cas- 
seroles covered with watch glasses. The hot casseroles were. usually 
set in evaporating dishes full of cold water, which was frequently changed 
to hasten cooling. 

Centrifugal drainage was not used because, as determined by calcu- 
lation, the gain in effectiveness of separation would have been less than 
the disadvantage caused by the increased time necessary to treat the 
precipitates centrifugally. 

Purification.—Two samples, one from the more soluble and one from 
the less soluble end of the final row of crystallizations were treated in 
an identical manner. Chiefly to remove the large amount of silica which 
had dissolved from the casseroles during the fractionation, the crystals 
were first electrolyzed in warm concentrated solution between platinum 
wires. The well formed flat leaflets of lead were removed from time to 
time, with glass rod, rinsed with a stream from a wash bottle, and pre- 
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served in quartz dishes until all the metal had been deposited from the 
solution. The crystal were further washed from time to time, and 
all washings returned to the electrolysis bath, which was gradually 
reduced in volume as the concentration of lead became smaller. The 
lead crystals were then dissolved in pure nitric acid, and the excess of 
acid was evaporated. The crystal of lead nitrate were dissolved in 
the purest water, filtered through a platinum Gooch crucible, and pre- 
cipitated by the addition of a large excess of redistilled nitric acid and 
cooling with ice. The crystal meal thus obtained was freed from ad- 
hering acid in the platinum centrifuge, washed centrifugally with 
purest concentrated acid and redissolved in the least possible amount 
of pure boiling water. 

Five precipitations with centrifugal drying were made in this way. 
The crystals from the fifth crystallization were placed in a quartz dish 
and dissolved. From this solution lead chloride was precipitated by 
passing in pure hydrochloric acid gas made by warming the purest acid 
of commerce. The chloride thus obtained was dried in the centrifuge, 
washed with cold water, and redissolved in boiling water. Four crystal-_ 
lizations as chloride followed. A little hydrochloric acid was added to 
the solution each time to prevent the formation of basic salt and to ren- 
der the chloride less soluble. The last crystals, after centrifugal wash- 
ing and drying were preserved in an exhausted desiccator over fused 
potash. Nothing but platinum and quartz vessels were used. 

The Determination of Atomic Weighi.—For these determinations the 
usual procedure was employed. About five grams of the dried crystals 
were placed in a platinum boat, which with its container had been care- 
fully weighed. The boat was gradually heated in a quartz tube attached 
to the usual ‘bottling apparatus,’ in a current of pure dry hydrochloric 
acid gas. After nearly all the residual water had been driven from the 
crystals, the temperature was raised so as to fuse the salt, which was. 
then cooled as quickly as possible in a current of pure dry sk 
prepared by the Wanklyn process. 

After the salt had cooled, and the nitrogen had been replaced by ae. 
air, the boat was pushed into the weighing tube, bottled, and reweighed: 

The boat and salt were next heated at 80°-90° on an electric stove 
in a glass flask containing about a liter of water to which enough pure 
nitric acid had been added to prevent the formation of basic salt, until 
the lead chloride had all dissolved. As usual’ a small amount of siliceous 
and carbonaceous residue had to be removed by scrupulously quantita- 
tive filtration through a tared Gooch-Monroe crucible. On the average, 
about twice as much was found in the more soluble fraction as in the 
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other. The weight thus removed was subtracted from the weight of 
the fused salt. Before filtration the boat had been carefully lifted out 
and thoroughly washed; and the filtration was collected in the pre- 
cipitating flask. 

A supposedly equivalent weight of silver was next dissolved in pure 
nitric acid mixed with an equal bulk of water in a flask with a chain of 
bulbs ground in to the neck, a steam bath being used to heat the solu- 
tion. More water was then added and the temperature raised until a 
few seconds’ gentle boiling had removed nitrous fumes. The solution 
having been made up to a liter, it was added very slowly with constant 
agitation to the lead chloride solution. Actinic light was henceforth 
rigorously excluded from the precipitated silver chloride. The pre- 
cipitate was coagulated by violent shaking, usually for fifteen minutes, 
and allowed to stand at least twenty-four hours, with further occasional 
shakings, before samples were removed for tests. The end point was 
found by the customary method by means of the nephelometer, and 
tested for several days to be certain that it did not change. 

Vacuum corrections were applied as usual, and all customary pre- 
cautions were taken. The results follow. 


TABLE 1 
é ATOMIC WEIGHTS 
ORDINARY LEAD CARNOTITE LEAD 
A B 

207 .187 206.426 206.406 

207 .187 206.409 206.422 

206.431 206.399 

Average....... 207 .187 206.422 206.409 


This table includes all the analyses of these materials which were 
completed; any which had become the object of suspicion were rejected 
at an early stage. 

Obviously, if the fractional crystallizations produced any change in 
the relative concentrations of radium G and lead, this change is very 
small. The means of the two series of determinations of isotopic lead 
differ only by about 6 parts in 100,000. This is certainly within the 
bounds of possible experimental error, though the low ‘average errors’ 
of the two sets (0.008 unit in each case) tempt one to assign a meaning 
to the observed difference. At any rate, we are safe in concluding that 
assuming the atomic weights of ‘radium G’ and lead to be 206.0 and 
207.2, respectively, no change in concentration greater than 13/1200 
or 1.1% has been obtained by nine hundred crystallizations. Even 
supposing that a real difference in solubility exists, it is evident, that 
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complete separation could not be attained (if at all) in less than eighty 
thousand fractionations. 

Estimation of Radioactivity—The §-ray activity of the lead used indi- 
cates that it contains in about 2 parts so-called ‘radium G’ and 1 part 
lead, an amount of ‘radium D’ of the order of 10-’ parts. This is be- 
trayed by the steady growth of a penetrating @-ray product (RaE) 
which comes to practical equilibrium with its parent in about a 
month after they are separated. Evidently the ionization—if the 
a-rays from the polonium present are cut off—caused by a weighed 
amount of the material under constant conditions, is a measure of the 
concentration of radium D relative to its isotopes ‘radium G’ and lead. 
Thus the determination of the activity of the end fractions gives infor- 
mation as to the relation between the solubility of the nitrate of ‘radium 
D’ and the mean solubility of the nitrates of ‘radium G’ and ordinary 
lead, a relation of great interest because it cannot be tested by atomic 
weight determinations. This case should afford an especially favor- 
able test of the theory of complete identity. 

The method was as follows: To eliminate differences in moisture 
content, and consequently in absorbtive power, the two samples were 
kept in the same exhausted desiccator after purification. When sixty- 
six days had elapsed 10.25 + 0.03 gram of each sample was weighed 
into a marked metal dish and tamped with a platinum spatula. The 
material formed a layer of thickness defined by the expression 0.88 g/cm.? 
This is far too thin to give a maximum ionization due to the complete 
absorption of the 6-rays from the lowest layers, but is thick enough so 
that no great accidental changes in thickness needed to be feared, and 
the effect of small changes was annulled as described below. The dishes 
were covered in turn with the same thin sheet of paper and introduced 
into a grounded aluminum-leaf electroscope which was very kindly 
loaned by Prof. William Duane. The rate of fall of the leaf was then 
observed with a stop-watch in the usual manner. All errors arising 
from differences of potential, differences of stiffness of the leaf in different 
positions, and inhomogeneity of the scale were eliminated in the usual 
way. ‘The two dishes were introduced alternately into the electroscope 
to eliminate the effect of changes in the natural leak, and were thor- 
oughly stirred and repacked between every two measurements to allow 
for small accidental differences in thickness, and other precautions to cut 
out extraneous effects and secure exact comparability were employed. 

It is believed that the table below, which includes all the observations 
affected by no known source of error, represents about as good repro- 
ducibility as this electroscope can be made to give. 
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TABLE 2 


B-RAY ACTIVITIES 


SAMPLE A 
11.30; 11.43; 11.69; 11.56; 11.61; 11.47; 11.49; 11.50; 11.41; 11.58 Mean 11.504. 


SAMPLE B 
11.32; 11.62; 12.06; 11.43; 11.70; 11.34; 11.32; 11.43; 11.47; 11.36; Mean 11.505. 


The ionization is expressed in arbitrary units (scale divisions per 
minute.) The natural leak (which must have been the same for both 
as they were taken alternately) was found to be 0.50 + 0.01. The agree- 
ment of the averages to one part in ten thousand must be regarded as 
fortuitous, since their mean probable error is about 0.11 unit. This 
error, divided by the mean value from which has been subtracted the 
natural leak may be taken, roughly, as a measure of the accuracy of 
1150—50 > aa This work definitely 
shows, then, that no change in the relative concentration of radium 
D and its isotopes as great as one per cent has occurred in nine hundred 
fractionations, and certainly gives no indication that radium D could 
be completely separated from its isotopes by this method even by crys- 
tallizing as many as 90,000 times. 

If ordinary lead is a mixture of isotopes, this mixture must have been 
made very long ago while the earth was still in a highly mobile condition 
(since all the ordinary lead throughout the world seems to have the same 
atomic weight‘). Could the composite nature of ordinary lead be proved, 
the identity of the several samples through geological aeons would form 
another argument in favor of the inseparability of the constituents. 

To the Carnegie Institution of Washington we are greatly indebted 
for some of the apparatus and material used in this research, which is 
to be continued in the near future. 

Summary.—Lead from Australian carnotite (believed to contain about 
one part of ordinary lead to two parts of radium G, with a mere trace 
of radium D) has been fractionally crystallized over nine hundred 
times as nitrate, and the end-fractions purified. 

The atomic weights of the samples so obtained from the crystal and 
the mother liquor ends of the series respectively agreed within the ex- 
perimental error of 6 parts in 100,000. 

The §-ray activities agreed within the experimental error of 1%. 

These observations indicate that the nitrates of Radium D and lead’ 
on the one hand and radium G and lead on the other hand could hardly 
be separated, if at all, by less than 80,000 or 100,000 crystallizations. 


the determination. Its value is 
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Hence one might infer that the molal solubilities of the nitrates are 
probably essentially identical. The outcome gives strong experimental 
support for the hypothesis that isotopes are really inseparable by any 
such process as crystallization. 


17. Amer. Chem. Soc., Easton, Pa., 29, 1907, (1709). 

2 Richards and Wadsworth, These PROCEEDINGS, 2, 1916, (505, 694). 

3 Richards and Wadsworth, J. Amer. Chem. Soc. Easton, Pa., 38, 1916, (2616). 
4Baxter and Grover, Ibid., 37, 1915, (1058). 


HYBRIDS OF ZEA TUNICATA AND ZEA RAMOSA 
By G. N. Collins 


BUREAU OF PLANT INDUSTRY, U. S. DEPARTMENT OF AGRICULTURE 
Communicated by E. F. Smith, March, 16, 1917 


Zea tunicata and Zea ramosa are the two most striking variations or 
mutations from normal maize. Though usually referred to as agricul- 
tural species they seem to deserve a place with the so-called species of 
Oenothera which have originated by mutation. 

The chief characteristic of Zea tunicata is that the glumes of the 
female inflorescence, or ear, are developed so that each seed is entirely 
enclosed. Associated with this character is a less conspicuous length- 
ening of the glumes of the staminate inflorescence that results in a 
thickening of the tassel. 

The origin of Zea tunicata is not known, but its occurrence in widely 
separated and isolated regions would indicate that it has originated 
independently more than once, presumably as a mutation from ordinary 
maize. 

In hybrids with non-tunicate varieties the tunicate character be- 
haves as a dominant, but in our experiments it has never been possible 
to secure a homozygous tunicate strain. Progenies resulting from the 
selfing of tunicate plants have always shown segregation into approxi- 
mately three tunicate plants to one normal. 

The tunicate plants in self-pollinated progenies are separable into 
two classes, one producing typical tunicate ears and thickened tassels 
like the parent plant, and the other with greatly enlarged tassels con- 
taining both staminate and pistillate flowers, and with the ear either 
aborted or bearing greatly enlarged and usually sterile spikelets. This 
last class represents approximately one-third of the tunicate plants. 
Although these plants produce what appears to be normal pollen in 
the terminal inflorescence the long glumes never open and the pollen 
-1s not shed, and we have not been successful in securing selfed seed of 
this form. 
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The ratios in which the different classes occur indicate that the class 
with the bisexual terminal inflorescence is the homozygous form, and 
that the ordinary tunicate plants represent the heterozygous form, a 
cross between the form with the bisexual inflorescence and the normal 
non-tunicate maize. 

From experiments involving forty-three progenies derived from three 
distinct sources, it would appear that the ordinary type of tunicate 
ear represents an example of imperfect dominance as unfixable as the 
Andalusian fowls, but since other workers report the existence of pure 
tunicate strains it may be that other stocks behave differently. 

The class with bisexual terminal inflorescence, which is here consid- 
ered homozygous, will be referred to as full-tunicate and the ordinary 
tunicate type, which is looked upon as heterozygous, will be termed 
half-tunicate. The term tunicate or podded will be used as a general 
term including both of the above classes. 

Zea ramosa or branched maize, discovered by Dr. W. B. Gernert! at 
the Illinois Agricultural Experiment Station, differs from normal maize 
in having the pistillate inflorescence or ear which is normally simple 
replaced by a compound inflorescence. ‘There is also a less striking 
but equally significant change in the branching of the terminal inflo- 
rescence or tassel. In normal maize the terminal inflorescence bears a 
number of branches at its base. Above the uppermost branch the 
axis is continued into what is termed the central spike where the pairs 
of spikelets are borne directly on the axis of the inflorescence. There 
is thus in passing from the base to the tip of the tassel an abrupt transi- 
tion from the uppermost branch to simple pairs of spikelets. In the 
Zea ramosa tassel the branches are much more numerous and grad- 
ually decrease in size from the base upward, the transition from branches 
to pairs of spikelets being imperceptibly gradual. 

Unlike Zea tunicata, Zea ramosa is a recessive variation. The dom- 
inance of normal maize over this variation seems complete. It has not 
been possible in any way to distinguish between plants heterozygous 
for the ramosa character and normal maize. So far as observed, the 
character behaves as a simple Mendelian unit. 

Both Zea ramosa and Zea tunicata are variations from normal maize 
toward the general type of grasses, and as such may be looked upon as 
reversions, since both cases involve a loss of a specialization that dis- 
tinguishes maize from practically all other grasses. 

Description of the Hybrid.—The cross between Zea tunicata and Zea 
ramosa was made in 1914. Nine first-generation plants of this cross 
were grown in 1915. Of these four were tunicate, and five normal, 
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indicating the heterozygous nature of the half-tunicate parent plant. 
The tunicate plants were all half-tunicate, and no trace of the ramosa 
characters could be seen. 

Five self-pollinated first-generation ears were selected for planting 
in 1916. Three of these ears were tunicate and two normal. Four 
hundred and eight second-generation plants were matured in 1916—326 
from the three tunicate ears, and 82 from the two non-tunicate ears 
of the first generation. 

The progeny of the non-tunicate or normal F; plants showed segre- 
gation into normal and ramosa in the ratio of 3 to 1, the numbers being 
65 normal and 17 ramosa. In none of these plants was there evidence 
of tunicate characters. 

It was possible to classify the F, plants descended from the tunicate 
F, ears into (1) Normal, (2) Half-tunicate, (3) Full-tunicate, (4) 
Ramosa, and (5) Tunicate-ramosa. The last class comprised those 
plants in which both tunicate and ramosa characters could be recog- 
nized. When both the staminate and pistillate inflorescences were 
considered the classes were well marked. 

In the tunicate-ramosa group there were many plants with an en- 
tirely new type of inflorescence. In these the branching habit, which 
suggests that of the ramosa parent, was developed to a grotesque ex- 
treme. As soon as branches formed these again branched. ‘This divi- 
sion continued until the end of the growing season when the tissue was 
still in an embryonic condition and nothing resembling floral or foliar 
organs was formed. The result was a white succulent mass. This 
peculiar formation occurred in both lateral and terminal inflorescences, 
though it was much more common in the former, and in terminal in- 
florescences it was usually confined to the basal branches. 

This type of inflorescence is similar, if not identical, with an abnor- 
mality discovered by Blaringhem in a strain of Zea tunicata? and termed 
by him ‘cauliflower.’ 

It was found possible to account for the ratios by the assumption 
of relatively simple gametic composition. The tunicate character is 
represented by T and its recessive allelomorph, the normal condition, 
by T’. The recessive ramosa character is represented by R’ and its 
dominant allelomorph, the normal condition by R. 

The observed numbers compared with the numbers expected in 
accordance with this gametic composition are given in the following 
table. 
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NUMBER EX- EXPECTED OBSERVED 


caren OF GAMETIC COMPOSITION CHARACTERS OF PLANT NUMBERS NUMBER 

1 PEoROR Normal | 
2 TORO ER? Normal f et.2 a 
2 TR. R Half-tunicate 
4 DT GRe RS ee 12230) mt 
1 Wed Bat She Full-tunicate | 61.2 61 
2 TT’ RR’ Full-tunicate f 
1 TTaRYR Tunicate ramosa | 61.2 64 
2 Toi ROR Tunicate ramosa f j 
1 TR ae Ramosa 20.4 16 

Total 326.0 326.0 


In each of the parent varieties there is a deviation from normal 
maize in both the staminate and pistillate inflorescences. It is of in- 
terest, therefore, to determine so far as possible whether the changes 
in the two parts of the plant are due to a single gametic change, or 
whether they may be inherited separately. 

With this point in mind the plants were classified with respect to 
their tassels, and ears, independently, with the following results: 

The normal plants were all normal in both tassel and ear. 

The distinction between half- and full-tunicate is somewhat arbi- 
trary, but with one exception all the 121 plants classified as half-tunicate 
by their tassels also had ears classed as half-tunicate. That the dis- 
tinction is genetic and not merely physiological is indicated by the ab- 
sence of any sensible correlation between the length of the staminate 
and pistillate glumes on the individuals inside the half-tunicate group. 

Of the 53 plants classed as full-tunicate by their tassels, all but two 
had either full-tunicate ears, or none at all, and the two exceptions had 
pistillate glumes only slightly below 45 mm., the minimum length set 
for the glumes of full-tunicate ears. There is then almost a perfect 
correlation between the type of tassel and ear, but here again there is 
no correlation inside the group. That is, long glumes in the tassel 
were not correlated with long glumes on the ear. Even the extreme 
form of full-tunicate plants that produced no ears did not differ, with re- 
spect to the length of the staminate glumes, from the plants bearing ears. 

When both tunicate and ramosa characters were present in the ears, 
the tassels were always ramosa but the tunicate characters were not 
always apparent in the tassel. 

Conversely, the 53 plants with ramosa tassels all exhibited ramosa 
characters in the ears, either pure or combined with the tunicate 
character. 

Perhaps the most interesting class of plants were those with cauli- 
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flower inflorescences. This peculiar type of pistillate inflorescence 
seems definitely confined to the class of plants combining the tunicate 
and ramosa characters. 

The cauliflower character, which in itself would seem more nearly 
related to ramosa than to tunicate, is somewhat more definitely asso- 
ciated with the ramosa than with the tunicate character of the tassels. 

There were 22 plants with pure cauliflower ears. Twenty of these had 
tassels in which both tunicate and ramosa characters were obvious. 
The other two were classed as having ramosa tassels. Of the 13 plants 
with partial cauliflower ears 11 had ramosa tassels in which no tunicate 
characters were observed, and two showed evidence of both tunicate 
and ramosa in their tassels. 

If the second-generation plants are examined for each of the parental 
types separately, there is seen to have been a simple 1 to 3 segregation 
in both instances. One-fourth of the total number of plants are ramosa 
and three-fourths non-ramosa (observed 79 to 247, expected 81.5 to 
244.5). One-fourth are non-tunicate and three-fourths tunicate (ob- 
served 80 to 246, expected 81.5 to 244.5). The distinction between 
half- and full-tunicate could not be made when these characters were 
combined with the ramosa character. The various combinations of 
parental characters, occurring as they do in the normal di-hybrid 
ratios, show that the tunicate and ramosa characters are not genetically 
correlated. 

The extended publication will appear in the Journal of Agricultural 
Research. 

1 Gernert, W. B., A new subspecies of zea mays L., Amer. Nat., Lancaster, Pa., 1912, 


46 (616-622). 
* Blaringhem, Louis, Mutation et trawmatismes, Paris, 1907, (121-122). 


DISTRIBUTION OF GALL MIDGES 
By E. P. Felt 


NEW YORK STATE MUSEUM, ALBANY, NEW YORK 
Communicated by J. M. Clarke, March 12, 1917 


The intimate relation existing between many species of these tiny, 
fragile flies and their food plants and the relatively limited migratory 
ability of either adults (owing to their weak powers of flight), or the 
larvae (due to their apodous or nearly apodous condition), led to a 
study of the distribution of these highly variable forms. The immensity 
of the complex may be appreciated by remembering that approximately 
three hundred genera and probably nearly three thousand species are 
known—the largest about 6 mm. in length and the smallest less than 
0.5 mm. long. Some live in decaying or dead organic matter, others 
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prey upon mites and certain insects, while a very large majority pro- 
duce characteristic galls upon the different parts of a great variety of 
plants. Not a few are inhabitants of blossom buds, with a very lim- 
ited period for feeding and growth and an extended estivation or hiber- 
nation, while many others pursue these vital activities through most of 
the growing season. Summarizing, we may state that great structural 
variations and equally marked physiological and ecological adaptations 
are accompanied by a puny organization and a world-wide distribution. 
What are the most important factors which have brought this about? 

It is impossible, owing to the limited knowledge of this group from 
important faunal regions, to present a complete story. Fortunately 
there are a number of genera with sufficiently well marked characters 
as to render their identification reasonably certain, and for a number of 
these there are records from such widely separated localities as to 
justify the characterization of their distribution as world-wide. ‘The 
presumption is against their occurring in all faunal regions, though 
they probably exist in most places where climate and flora combine 
to make this possible. There are in addition to the above, a number of 
genera which have been recorded from such distant countries as to 
justify the suspicion that they likewise may have a world-wide or 
nearly world-wide distribution. A tabulation of these genera is given 


below. 
Itonip GENERA OF PRESUMABLY WORLD-WIDE DISTRIBUTION 


TRIBE AND GENUS pent Battadeay EURGPE ASIA AFRICA eee Dea Ee 
Lestremiinariae 
Catocha Maldt. scan. a +- 
*Lestremia Macq.......... + + + + ote aS 
Campylomyzariae 
*Campylomyza Meign..... + + =i 
*Joannisia Kieff........... + + ii 
Heteropezinae 
Oligarces: Mein 2.02250... + + 
*Miastor Mein...... 0. 0. )0. + + + + 
Leptosyna Kieff......:... -+- a 
Brachyneura Rond....... + + 
Spaniocera Winn......... a. + 
Porricondyliariae 
Didactylomyia Felt....... + 
Holoneurus Kieff......... AF + 
*Colpodia Winn ]-.-25.2.) + + + 
Dirhiza Be Lwe eae + + 
Porricondyla Rond....... | + + + + 4 
Camptomyia Kieff........ + ae 
Rubsaamenia Kieff....... =F == + 
*Asynapta’H. Lw.. sts. . 2 + + 4 as 
Winnertzia Rond........ + + a5 
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ITONID GENERA OF PRESUMABLY WORLD-WIDE DISTRIBUTION—Continued 


NoRTH | SOUTH AUSTRA- | NEW 
WATE SSD ISS) AUCRICM TAMERICA, [Mon eore ||) cory, | AERICA LiA | ZEALAND 


SS ee ee Cy ay 


Dasyneuriariae 
Cystiphora Kieff) (005. ./- ; 
Rhabdophaga Westw..... 
Dasyneura Rond......... 
Diarthronomyia Felt...... 
Lasiopteryx Westw....... 
Oligotrophiariae 
Rhopalomyia Rubs....... 
Oligotrophus Latr........ 
Janetiella Kieff........... 
Phytophaga Rond........ 
Asphondyliariae 
Schizomyia Kieff......... 
§Cincticornia Felt......... 
Asphondylia H. Lw....... 
Lasiopterariae 
Mrotteria. Kieff 2.06... 
*Lasioptera Meign......... 
molonyx De Stef.-..:.... 
Clinorhyncha H. Lw...... 
Itonididinariae 
Contarinia Rond......... 
Thecodiplosis Kieff....... 
Wentitibula Felt... ..)..... 
Dicrodiplosis Kieff........ 
Bremia Rond ........... 
Aphidoletes Kieff......... 
Karschomyia Felt........ 
Mycodiplosis Rubs....... 
Clinodiplosis Kieff........ 
Diadiplosis Felt...:...... 
Arthrocnodax Rubs....... 
Hormomyia H. Lw....... 
Pseudhormomyia Kieff... . 
Monarthropalpus Lab..... 
Hyperdiplosis Felt........ 
Lestodiplosis Kieff........ 
Itonida Meign........... 
Parallelodiplosis Rubs.... . 
Cystodiplosis Kieff and 


OTE Cen eh ee a + 4° 


+++ 
++ 
++ 
4- 


++ 


+ ++++ 


+ 
+ 


tot fHtt FH F4+ FH Fett tte F+4+4+ F4+4+4+4 
++ 


Poet Het FHF E+E tt+ F+tt Ft+4+ +H+4t4+ F4+4+4+4 


* Recorded from the Baltic amber of the upper Eocene. 
} Seychelles. 
t St. Vincent. 


§ Polystepha Kieff. and Eocincticornia Felt are included because of obvious affinities. 


An examination of the above tabulation shows that representatives 
of all the tribes are known from most of the continental areas and 
probably occur on all, since allowance should be made for our scanty 
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knowledge of the fauna in the more remote regions. Furthermore, 
the more primitive genera, such as Lestremia, Campylomyza, Porri- 
condyla, Dasyneura, Oligotrophus, Asphondylia, Lasioptera, Contarinia 
and Lestodiplosis, to take representatives from the various tribes, 
are found on most of the continental areas. They are represented 
among living forms by numerous species, many of them capable of sub- 
sisting under comparatively simple conditions and therefore not easily 
exterminated or isolated by adverse climatic changes. 

It is noteworthy that of the seven genera known from the Baltic 
Amber, six are recorded also from Australia, three from New Zealand 
and two from Africa, and in all probability more of these genera occur 
in the land areas of the Southern Hemisphere. The African, Australian, 
New Zealand and South American fdunae appear to contain a consid- 
erable number of ancient, highly specialized offshoots from the some- 
what primitive world-wide genera (likewise represented) mentioned 
above and their occurrence suggests a zoological isolation where only 
the more vigorous or adaptable would establish themselves and where 
the natural tendency to variation would consequently be less subject 
to interference on the part of closely related strains or species in the 
process of formation. 

One of the striking peculiarities in distribution is the occurrence of 
the genus Aplonyx in the Northern Hemisphere, where it is known 
only from the Mediterranean region and the vicinity of Salt Lake, 
Utah—localities favored by both host plants and insects. Species of 
Didactylomyia, a very peculiar form, occur in both North America 
and India, while the closely related Erosomyia and Indodiplosis are 
occidental and oriental, respectively. 

The above and other data which need not be discussed in detail 
here, suggest no connection between food habits and a general distri- 
bution, since there does not appear to be a better representation of 
midges, such as Lestremia and Porricondyla breeding in decaying vege- 
table or woody tissues, materials which might easily drift to distant 
shores, than there is of bud or leaf-inhabiting forms which find only 
temporary shelter in plants and transform in the soil, such as species 
of Dasyneura and Contarinia. The same is true of species passing 
most of their existence within plant tissues, such as Lasioptera and 
Rhabdophaga, forms most likely to be carried great distances with the 
host plant. An equally wide distribution is true of predaceous midges 
with only a secondary relation to plants, such as Aphidoletes, Myco- 
diplosis and Arthrocnodax. 

It is possible that some species may be widely disseminated through 
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the agency of birds, since we have records of birds feeding upon the 
galls of Cincticornia and there would appear to be no reason why those 
produced by the genus Caryomyia might not be equally acceptable. 
The same would be true to a certain extent of galls inhabited by Astero- 
myia and some species of Oligotrophus. It would be possible for 
midge larvae in firm, moderately thick-walled galls, to pass through 
the digestive tract of the bird without material injury, but this would 
be true of relatively few and owing to obvious limitations we can hardly 
consider this method of dissemination as one of great importance so 
far as the group as a whole is concerned. 

The flight of gall midges, especially such a one as Miastor, is so feeble 
as to render it improbable that the wings of themselves are important 
in distributing the species over extended areas, and yet these midges 
are surprisingly prevalent where breeding conditions are favorable. 
The adults issue in swarms from decaying logs and apparently drift 
with the wind. The probability of this method of spread being an 
important one is supported by the recent investigations of McCulloch,! 
which show that Hessian flies may drift at least 2 miles with the wind. 
It is probable that this method of dissemination is very effective in 
the case of a number of gall midges. 

Extended drifting, some possibly may prefer the word flight, with 
the wind, is not impossible when we recall that the migratory locust, 
Schistocerca peregrina has been found five hundred miles east of South 
America and is credited with probably having crossed from South 
America to Africa. Such extended flights are rendered more likely by 
the record of Sphinx convolvulus being found 420 miles from land, 
while other moths and longicorn beetles have been reported out at sea 
at a distance of 230 miles. The extensive northern flight of the cotton 
moth is another case of the same kind. Recent investigations by 
Collins? have shown that young gipsy moth caterpillars may be carried 
20 to 25 miles by the wind—a distance which presumably could be 
greatly increased without endangering larval existence. 

With the above data in mind it seems probable that the carriage of 
gall midges by floating vegetation and drifting islands, or by the activities 
of birds, has occurred to only a very limited extent and can not begin to 
explain the general distribution of these fragile forms. Winds un- 
doubtedly carry these insects for short distances and might even, under 
exceptional conditions, transport them over seas, though this latter 
is by no means established and the present known distribution appears 
to be most easily explained by migrations (probably drifting with the 
wind in this group) over land areas about the same way as other mem- 
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bers of the fauna and the flora. There has been very probably a dis- 
tribution from the north and there may have been an antarctic center of 
dispersion, though there appears to be no evidence within the group 
itself which would justify a definite opinion as to this. 


1 McCulloch, Econ. Ent. J., 10, 1917, (162-168). 
2 Tbid., 10, 1917, (170-176). 


FERTILITY AND AGE IN THE DOMESTIC FOWL 


By Raymond Pearl 


BIOLOGICAL LABORATORY, MAINE AGRICULTURAL EXPERIMENT STATION 
Communicated March 22, 1917 


It has been shown by Marshall, Pearl,? and King,’ that in a variety 
of different mammals fertility changes with the age of the animal in a 
definite way. The nature of this change is that, starting at a low point 
at the beginning of the sexual life, the rate of fertility rises with ad- 
vancing age to a maximum, and then declines with further increase in 
age, until total sterility is reached. Marshall inclined to the view, 
on the basis of statistics which I have elsewhere* shown to be wholly 
inadequate, that the domestic fowl exhibited the same sort of change 
in fertility with age. There has been no thorough or careful investi- 
gation of this matter in the fowl, based on adequate statistical material. 

The writer has lately studied’ the change in fertility with age in 
poultry, on the basis of 1114 matings of Barred Plymouth Rock fowls, 
covering in point of time a period of nine years. For the purposes of 
this investigation, and generally, the writer has defined fertility as the 
total net reproductive capacity of pairs of organisms, male and female, 
as indicated by their ability to produce viable individual offspring. 
As a working measure of fertility may be taken a reproductive or fer- 
tility index which expresses the percentage which the number of viable 
offspring actually produced from a particular mating or pair of parents 
is of the maximum number which would be physiologically possible 
within the time limits during which the mating endures. ‘This states, 
in most general terms, the form of index developed for the special case 
of poultry breeding in the present investigation. The same idea can 
be adapted to the measurement and biometrical study of fertility in 
other sorts of animals, and probably in plants as well. 

Specifically, the reproductive, or fertility index used in the work 
for poultry has the following form: 


i O0G see 
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where RI denotes the index for any particular mating, C the number 
of chickens produced from that mating and alive at the end of the third 
week after hatching, and £,, the total number of days from the day 
when this mating began to the day when the last egg from this mating 
began its incubation. 

The reasoning on which this index is based is as follows: Maximum 
reproductive capacity, as represented by 100%, would be attained if 
during the period of the mating the hen laid one egg every day (max- 
imum fecundity), and if further every one of such eggs were fertile, 
and if each embryo hatched, and the hatched chick lived to be three 
weeks of age. There would then be one living chick three weeks of 
age for each day during which the mating existed. If the hen does 
not lay every day during the mating season this will cause some reduc- 
tion in the reproductive performance as measured by the index. Sim- 
ilarly a reduction in any of the other factors involved, prenatal or post- 
natal mortality, will have the same sort of result. The final percentage 
value which one obtains by calculating the index will be a true measure 
of the reproductive capacity of that mating, including within its view 
all of the primary factors of reproduction in poultry. 

Applying this index to the problem of changing fertility with advanc- 
ing age we have the following results: 


Weighted mean reproductive indices for males of specified ages mated with females of all ages 


Ages Weighted mean RI 
Midicou—eowmated with. 9 Oy Of all ages)... 660 6s oA ee ec te ees 12.868 
idea —ez-amated: with: O° O of allagesi tes gic 'a 5.0 's c's sate a soss wlclaiels ciaste Ces 10.214 
Pieler Smated with 99 ofall ages... 6 c ie ee ll ed ob ohne doen 9.625 


Weighted mean reproductive indices for females of specified ages mated with males of all ages 


Ages Weighted mean RI 
Memaler—asmated with Cia Of allages. iis iid cod etal e sete ed aae 12.765 
Hemale;—s2amated- with) oo’ Of all ages..c. . ok vess CAs ee es dsle bee's 11.660 
Hemalce—no.mated with oo Of all’ages. e200 sca cs lace ke cet anne deer 10.722 


From these figures it appears that there is a decline in net reprodue- 
tive ability or fertility, as measured by the reproductive index, with 
advancing age in both sexes. The rate of the decline is, however, 
more rapid in the male than in the female. 

It is desirable also to look at the matter from the standpoint of the 
mating. This may be done by taking means (weighted in proportion 
to the frequencies involved) of the reproductive indices for the ad- 
vancing combined ages of the two animals entering into each class of 
matings. If this is done we get the following results: 
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Weighted mean reproductive indices for matings of individuals of the specified combined ages 


Combined ages of mated individuals 


when mated Cases Weighted mean RI 
DES CAMS i Meee ig ATL faid i Sako tala ta 1 ashe Deed ticle ae en A 796 13.083 
DiC ATS oe MMOLE HE xt Was. .c spend elighaah sae cwMNa etn On tat tae eNMee aaa 190 11.421 
APN CATS oe Me Ree ne cas aid lols: abd en aNsnseeN chee PONE ie SIS ReEe a Sa 113 11.119 
SUVEATS PION lcs aes 5 cool aus e sa CAMS AMaa ie operate Haima aera Neely Redeye 12 7.458 


The cases are too few to give reliable results after a combined age 
of four years. Up to that point, however, what occurs is this: There 
is a significant drop in reproductive ability as we pass from a combined 
age of two years for the mated birds to three years. In passing from 
three years to four there is no significant change in reproductive ability. 
In passing from a combined age of four years to that of five years there 
is a large drop in the net reproductive ability of the mating. 

All of these figures agree in indicating that in the strain of the domestic 
fowl with which this work was done there is nothing approaching that 
law of fertility which has been found to hold for mammals, as pointed 
out at the beginning. Instead we find a steady and progressive decline 
in fertility after the first breeding season. 


1 Marshall, F. N. A., The Physioiogy of Reproduction, London, 1910, xvii + 706 pp. 
2Pearl, R., Science, New York, N. S., 37, 1913 (226-228). 

’King, H. D., Anat. Rec., Philadelphia, 11, 1916 (269-289). 

4Pearl, R., J. Exp. Zool., Philadelphia, 13, 1912 (155-268). 

5A complete and detailed report of this work will appear presently in Genetics. 


A KINETIC HYPOTHESIS TO EXPLAIN THE FUNCTION OF ELEC- 
TRONS IN THE CHEMICAL COMBINATION OF ATOMS 


By William A. Noyes 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF ILLINOIS 
Read before the Academy, April 16, 1917 


Beginning with Davy! and Berzelius, during the first part of the nine- 
teenth century chemists generally accepted the theory that chemical 
combination is due to electrical forces, but when Dumas discovered the 
chloroacetic acids in which chlorine atoms, supposedly negative, replace 
positive hydrogen atoms it was believed that the theory had been shown 
to be false and it was practically abandoned. Following this, for fifty 
years or more, a theory of valence which took no account of electrical 
forces was developed and while occasional reference was made to posi- 
tive and negative atoms and groups, no definite meaning in an electrical 
sense was attached to these expressions. Helmholtz in his Faraday 
lecture in 1881? drew the attention of chemists once more to the very 
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close connection between chemical forces and electrical phenomena and 
spoke for the first time of “‘atoms of electricity.” He also pointed out 
that the “sulphur of sulphuric acid must be charged with positive equiva- 
lents of electricity.” In 1887 Arrhenius proposed his theory of elec- 
trolytic dissociation and with the help of Ostwald and van’t Hoff the 
belief in a separation of molecules into electrically charged parts in so- 
lutions was rapidly accepted. J. J. Thompson*® gave precision to the 
atomic character of electricity in 1897 when he demonstrated the mate- 
rial character of cathode rays and the very minute mass of the cor- 
puscles carrying negative charges. Van’t Hoff* seems to have suggested 
for the first time that electrically charged atoms may play a part in 
reactions not usually considered as ionic. The same idea was proposed 
by the author’ and by Stieglitz,® a little later. J. J. Thompson’ seems 
to have been the first to suggest that two atoms may be held together 
by the electrical foreces resulting from the transfer of an electron from 
one to the other. He assumed a shell of electrically positive matter 
within which there was a static arrangement of electrons. Abegg® in 
an entirely independent paper published the same year, discussed the 
relation between electrons and ionization and the connection with older 
theories of Helmholtz and others. He also raises, I think for the first 
time, the question of polar and non-polar volences but seems to have 
decided that the former are more probable.® Rutherford!® has ad- 
vanced strong reasons for considering that atoms contain a positive 
nucleus around which electrons are ratating and this hypotheses has 
been further developed by Bohr," Nicholson,” Moseley" and others, 

Physicists in general have directed their attention to rotating or 
rapidly moving electrons and to the relation between these and spectral 
lines, the disintegration of atoms and other phenomena involving in- 
dividual atoms. Chemists, on the other hand, following the sugges- 
tion of J. J. Thomspson, have considered chiefly the rédle which 
the valence electrons probably play in the combination of atoms. Sir 
William Ramsay" in his addréss on ‘‘The Electron as an Element” 
considered that the electron takes a position between the two atoms 
which are held in combination. In a very recent paper, probably 
the last which he wrote, he elaborates this thought further and 
describes models to illustrate the magnetic attractions which would 
result from electrons rotating in contiguous parts of two molecules. 
The magneton theory of the structure of the atom has also been de- 
veloped elaborately by Parson.!® It cannot account for ionization, 
where, if we accept the electron theory at all, electrons must be trans- 
ferred completely from the positive atom or group to the negative. 
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Falk and Nelson,!” Fry,!8 L. W. Jones,!® Stieglitz? Bray and Branch, 
G. N. Lewis,” and others have discussed the phenomena connected 
with the transfer of valence electrons from one atom to another but, 
with the exception of the magneton theories referred to above, no one, 
so far as I can discover, has suggested a possible connection between 
the motion of the valence electrons and chemical combination between 
atoms. 

In the hypotheses here proposed the following assumptions, now 
more or less current among physicists and chemists, are made: 

1. The atoms are of a complex structure made up of positive nuclei 
and electrons, of which the latter, at least, are in very rapid motion. 
If we assume that the electrons are 1/1800 the mass of hydrogen atoms 
and that they obey the same laws of motion as other atoms, their aver- 
age velocity would be about sixty times the velocity of molecules of 
hydrogen (H,). I will not attempt to discuss here the question whether 
the law of equipartition of energy actually holds for electrons. 

2. That the electrons are of two kinds in their relation to the struc- 
ture of the atom. Some of them are so involved in their orbits or mo- 
tions among the positive nuclei that they can never escape from the 
atom. Others, called valence electrons, may be transferred to other 
atoms. 

Let us suppose that two atoms, which have an affinity for each other 
are brought close together. A valence electron which is rotating around 
a positive nucleus in the first atom may find a positive nucleus in the 
second atom sufficiently close so that it will include the latter in its 
orbit and it may then continue to describe an orbit about the positive 
nuclei of the two atoms. During that portion of the orbit within the 
second atom that atom would become, on the whole, negative while 
the first atom would be positive. During the other part of the orbit 
each atom would be electrically neutral, and the atoms might fall apart. 
When we remember, however, the tremendous velocity of the elec- 
trons and the relatively sluggish motion’ of the atoms it seems evident 
that the motion of an electron in such an orbit might hold two atoms 
together. In ionization the electron would, of course, revolve about 
the nucleus of the negative atom leaving the other atom positive. It 
seems impossible to explain ionization otherwise than on the supposition 
of the complete transfer of the electron. This complete transfer in 
lonization is one of the strongest arguments against the magneton 
theory as the only explanation of chemical combination. 

An interesting feature of the hypothesis proposed is that it may be 
used to account for that localization of the affinities in particular parts 
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of atoms which is indicated by many of the properties of organic com- 
pounds. Thus if we suppose that there are four (or eight) positive 
nuclei in a carbon atom around which valence electrons may rotate, an 
atom of hydrogen may be held to the neighborhood of one of these nu- 
clei as indicated in the figure. 


I wish to acknowledge my indebtedness to Julius Stieglitz, R. D. 
Carmichael, J. B. Shaw, Jacob Kunz, A. P. Carman, A. A. Noyes and 
R. C. Tolman, who have read the first draft of this paper and of whom 
several have made helpful suggestions. 
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TRANSVERSE DISPLACEMENT INTERFEROMETRY 
By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY 
Communicated March 26, 1917 


1. Vertical Displacement of Ellipses—In the diagram figure 1, M 
and W are half silvered, M’ and N’ opaque mirrors; C and C’ the U 
tube referred to in the preceding note and here to be removed. L is 
the collimated beam of white light and G T the direct vision spectroscope. 

If the fringes are too small, when horizontally centered by the micro- 
meter, the center of ellipses may be brought into the middle of the field 
of the telescope by sliding one component beam vertically over the 
other without appreciably changing the direction of the rays. In other 
words one illuminated spot at d, figure 1, is to move vertically relative 


to the other by a small amount. This may be done by placing a thick 
plate glass compensator such as is seen in figure 2 in each of the com- 
ponent beams abd and acd and suitably rotating one plate relative to 
the other, each on a horizontal axis. Very little rotation is required. 
In the same way elliptical fringes may be changed to nearly linear hori- 
zontal fringes when desirable. If the fringes are to be sharp the slit 
must be very fine. When sunlight is used with a slit not too fine, each 
of the coincident sodium lines (D,D-) frequently shows a sharply defined 
helical or ropelike structure. This is a special phenomenon, which will 
be given further consideration presently. 

The first result is interesting inasmuch as it is thus possible to dis- 
place the centers of ellipses not only horizontally as usual relative to 
the fixed sodium lines in the spectrum, but also vertically relatively to 
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the fixed horizontal shadow in the spectrum due to the fine wire across 
the slit. It does not occur when rays retrace their path. The follow- 
ing experiment was made to coordinate the vertical displacement of the 
component rays and centers of elliptic fringes. A glass plate d=0.705 
cm. thick was placed nearly normally in the beam od, figure 1, and pro- 
vided with a horizontal axis and graduated arc. The amount (2) of 
rotation of the plate, corresponding to the vertical displacement of one 
central fringe in the telescope (i. e., the passage of the ring a, into 6 and 
then into c, in the spectrum, S, figure 3) was then found to be, if 7 is 
the angle of incidence, 


a h Ah 
I MANIPES GPE O ce. abe a tre se see cyeels Oh in ele eee e Oror, OOT49 emi fo sic tek 
COURS INCE DORI) 6 61 a a 5.0° 0.0214 0.0065 cm. 
MRMONNEIN CES, CIE. Sek vac occ es doe saa e mee Ooe ves Bares 6.5° 0.0281 0.0067 


where / is the corresponding vertical displacement of the rays bd (see 
figure 2) and computed from (yu index, 7 angle of refraction) 


h = d (sinz — cosi tan 7) 


Thus the vertical displacement of rays corresponding to the vertical 
semiaxes of the central ellipse or one fringe is between 0.0065 to 0.0067 
cm., i. e., a superior limit would be about 7 X 10-*cm. Hence h = 
N 0.007 for N such central fringes is an excessive estimate. 

The question is now suggested, in how far such an arrangement 
would fall short of being able to exhibit the drag of the ether in a 
rapidly rotating body, should such drag occur. In figure 1, let a 6 be 
a cylinder of glass with plane parallel ends, capable of rotating on the 
axle y 6. IfJ/is the length of the cylinder yp its index of refraction, and 
and r the distance of either component ray (ac, bd) from the axis y 6,” 
the number of turns per second and V the velocity of light, we may 
write using the above estimate, NV being the number of fringes displaced 


h=14N X 0007 =2an7rlu/V 


since ac rises while bd falls. Ifm = 200,7r = 10 cm., J = 100 cm, V 
9 KI eS 
N = 0.018, nearly. 


It would thus be necessary to estimate about 1/60 of a fringe, which is 
just beyond the limit of certainty even if x, 7 can be increased, and / 
multiplied by reflection. The device suggested is nevertheless of inter- 
est and deserves further consideration. In fact I have succeeded in in- 
creasing the sensitiveness about four times. 
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2. Displacement Interferomeier. Jamin Type.—These considerations 
induced me to devote further study to the Jamin type of interferometer, 
figure 1. The mirrors M, N’ were put on one pair of long slides (1.5 
meters long) parallel to ac and the mirrors M’ WN on similar slides paral- 
lel to the former. In this way any distance ac or bd was available. 
The beams were about 16 cm. apart corresponding to a normal dis- 
tance between the end mirrors (N N’, M M’) of about 12 cm. But 
these distances could also be increased from nearly zero (M and M’ 
nearly contiguous) to about 20 cm. in view of the width of mirrors used. 
The angles at a, b,c, d were each about 45°, so that a rectangle of rays 
is in question. 

The adjustment proved eventually to be quite simple by aid of a 
horizontal beam of sunlight with weak condenser lens and collimator. 
A thin wire is to be drawn across the slit. MM and M’ are first set for 
parallelism in the absence of N and N’ by adjusting the images of the 
slit at the same level (horizontal) and equidistance on a distant wall. 
The mirrors N and N’ are next put in place with the distances acd and 
abd about equal. The two images seen in the telescope at T (g re- 
moved) are then made to coincide both horizontally and vertically by 
adjusting N and N’ and these are then slid by a small amount on their 
slides (direction ac) until the rays are coincident at d to the eye (light 
strips on the mirror coincide). 

If now the grating g is inserted very, fine oblique fringes will usually 
be seen. ‘These may be enlarged to a maximum by moving the microm- 
eter controlling the displacement M’ normal to itself. Somewhat 
coarser horizontal lines are thus obtained. 

Finally the distant centers of the ellipses are brought into the center 
of the telescope by aid of the thick glass compensator (figure 2), (the 
equivalent air path of the other ray being correspondingly lengthened), 
by rotating the glass plate on a horizontal axis. The same result may 
be obtained by rotating N and N’ on a horizontal axis, successively by 
small amounts, into parallelism with M and M’. But the compensator 
is more convenient. 

The ellipses so obtained with common plate glass and a film grating | 
at g were magnificent. A rough test of the diplacement interferometer 
was made by using the above plate glass of thickness E = 0.434 cm. 
where zg = E (u— 1) + 2 B/ = 0.2428 cm. In two experiments 
agreeing to within 10-* cm., 2e = 0.3448 cm. were the displacement 
obtained. Assuming that @ = 45°, 2e cos @ = 0.2438 cm. This agrees 
with z as nearly as may be expected unless 6 is specifically measured. 

3. Broad Slit Interferences. White Light. Residual Fringes.—Some 
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allusion has been made above to a type of interferences, totally differ- 
ent in size from the regular fringes, and seen in the broadened slit. 
These were finally isolated. They appear to best advantage in the 
absence of the spectroscope, in the broad whtie field of a very 
wide slit. The latter may be removed. They have the appearance 
when vertical of regular Young or Fresnellian fringes, very sharp and 
fine, achromatically black and white at the middle of the grid, colored 
and fainter outward. They are vertical when the enormously larger 
spectrum ellipses discussed above are centered. Like these they par- 
take of displacement, here through the broad white slit image and this 
displacement is extremely sensitive in relation to the displacement of 
the opaque mirror M’ (fig. 1) to which it is due. Thus a displacement 
of A N = 10-4 cm. of the latter, corresponded to a march of fringes 
through about .017 of the telescopic field of 3°, ie. to 0.05°. This 
comprises two fringes or AN = 5 X 10-5 cm. per fringe. Now these 
fringes are so fine, sharp and luminous that it should be possible on 
proper magnification to measure a few hundredths of this with an ocu- 
lar micrometer. They supply the fine fiducial mark in displacement 
interferometry for which I have Jong been seeking. They appear in a 
white field, thus requiring no spectrum resolution, nor monochromiatc 
light. Moreover the source of light need not be intense. 

I shall in referring to the new fringes use the term residual or 
achromatic fringes. Their theoretical breadth should be AN= 
 /2 cos 6 agreeing substantially with the given estimate. 

The displacement of fringes with A N at the mirror (when 2 X = 
A N cos @) is so rapid that if they are lost it is difficult to find them, un- 
less the centered large fringes in the spectroscope are first reéstablished. 
The latter are easily found. A removal of the prism grating g7, figure 
1, and widening of the slit shows the achromatic fringes. The white 
pattern usually appears but once and is rarely present rhythmically 
as in the case of the next section for homogeneous light. 

4. Wide Slit. Homogenous Light. Sodium Flame.—A clue to the 
nature of the residual fringes will be obtained when white light is re- 
placed by homogeneous light. A strong large sodium flame near the 
mirror M, figure 1, suffices. The fringes now appear of the same size 
in yellow light and naturally spread over a much larger area of field. 
But on moving the mirror (A N increasing continually) forward very 
gradually, the homogeneous fringes alternately vanish and reappear, 
each time however enlarged in size but still straight, until at an inter- 
mediate position of symmetry enormous round ovals cover the yellow 
field. The fringes then diminish symmetrically in the same way. The 
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following data for the micrometer position corresponding to the clearest 
demarcations of yellow fringes are illustrative. At least six periods 
(n) are easily detected in each side of the ovals (n = 0) Thus, 


TUN ce Mente EVR it's) ae nal Da is 6 5 4 3 Z 1 0 etc. 
PANINESS 090 Oe OM a ad a 0 49 90 W74y) 171 214 243 cm. etc. 


These intervals, since it is impossible to establish the maximums states 
of presence or absence of fringes quite sharply, are practically equi- 
distant as the similar series in figure 4 indi- 
cates. Fringes in presence are here shown by 
black dots, the circles denote clear fields. 
Thus the mean period of reappearance is 
AN = 0.042 cm.; or a path difference of 
2 AN cos 6 = 0.059 cm; or a shift of ray 
parallel to itself (2 A N sin @ = 0.059 cm.) 
of the same amount. 

The reason for this rhythm can only be the two wave lengths of the 
D, and D, lines of the sodium flame, originally detected in the colors 
of thin plates by Fizeau. Hence a relatively enormous shift of microm- 
eter of nearly half a millimeter is equivalent to the wave length in- 
terval AX = 6 X 107% cm.;0or AN / AN =.6 x 10°79 / 42> Ge 
1.4 X 10-*. Treating the case in terms of the interferences of thin 
plates and two wavelengths \ and \ + dX 


my = constant, or aN eae for each period. 
rN Won 


2 
“ = 2AN cos-6 or AN =)2/2Ad-cos 6 


Hence d= 
since (@ = 45°) approximately \ = 60 X 10-* cm.’ AX = 6 X 10cm 
cos @ = 0.71 AN = 0.041 cm., 


agreeing as nearly as may be expected with the experimental datum. 
The apparatus thus serves incidentally for investigating such properties 
of spectrum lines as Michelson in particular has detected. 

With white light the interference grid rarely reappears rhythmically 
nor does it correspond to the zero’th period of figure 4, 1.e., to the ovals 
for sodium light. It is usually exactly of the size of some higher order, 
in yellow light, as at ‘‘wh” in fig. 4. It does not require such sharp 
horizontal and vertical coincidence of the superposed images, as the 
spectrum fringes. 

In a flash of the arc, showing many sharp spectrum lines in all colors, 
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each of the lines gives evidence of the phenomenon; i.e., if the residual 
fringes are oblique, each such line is strongly helical in appearance. 
Hence the equation for the residual fringes may be assumed to be 


nr = (e—e’) [uw cos (r — a) — cos7] 


when e and e’ are the thicknesses of the two half silver plates, uw their 
index of refraction, z the angle of incidence, 7 the angle of refraction of 
an incident ray, and where a is the outstanding angle between the faces 
of the differential glass wedge, e—e’ thick at the ray in question. The 
possibility of throwing these fringes into any order of size, their small 
extent, sharpness and great abundance of light constitute their value 
for measurement. 


THE PROTEINS OF THE PEANUT, ARACHIS HYPOGAEA 


By Carl O. Johns and D. Breese Jones 


PROTEIN INVESTIGATION LABORATORY, BUREAU OF CHEMISTRY, DEPARTMENT 
OF AGRICULTURE, WASHINGTON?! 


Communicated by R. Pearl, March 27, 1917 


During the last ten years the culture of peanuts has increased rapidly 
in the United States. This increase is partly due to the fact that the 
boll weevil has made the growing of cotton unprofitable in various sec- 
tions of the South and peanuts are now grown as a supplementary crop. 
Most of the peanuts thus produced are sold to the oil mills to be pressed 
for the oil which they contain. Shelled peanuts yield from 40 to 50% 
of oil. This edible oil compares favorably with olive oil and is used for 
culinary purposes and for making olemargarin. Press cake from shelled 
peanuts contains about 45% of protein (N x 6.25). This cake is 
ground to a meal which is rapidly finding favor as a cattle food. Pea- 
nut meal is now quoted at $35 per ton and peanut oil at $1.05 per gallon. 

Previous to the present work, the only published experiments on the 
protein of the peanut seem to be those described by Ritthausen? in a 
paper which appeared in 1880. ‘This author found that the proteins of 
the peanut consist chiefly of globulin and his analytical data led him to 
believe that only one globulin is present. 

We have made fractional precipitations of the proteins extracted by 
sodium chloride solutions from oil-free peanut meal and have isolated 
two globulins, one of which is present only to a small extent. The glob- 
ulin composing the greater part of the protein in the peanut is pre- 
cipitated, when in 10% sodium chloride solution, by adding ammonium 
sulphate to 0.2 of saturation. To this globulin we have given the name 
arachin. After filtering off the arachin, the second globulin may be ob- 
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tained by dialysis or by saturating the filtrate with ammonium sulfate. 
This second globulin we have named conarachin. 

Isolation of Arachin.—An extract was made by mixing 500 grams of 
peanut meal with 2.5 liters of a 10% aqueous solution of sodium chlo- 
ride. This mixture was then run through a mill and the resulting thin 
liquid was filtered clear through paper pulp. To the filtrate, solid am- 
monium sulphate was added gradually until the solution became 0.2 
saturated with this salt. A precipitate began to appear at 0.15 of satu- 
ration and increased rapidly until 0.2 of saturation was reached, when 
precipitation practically ceased and did not occur again until much 
more ammonium sulfate was added. On allowing the 0.2 saturated so- 
lution to stand overnight, the precipitate settled in a very compact 
form so that the supernatant liquid could be easily decanted. The pre- 
cipitate was washed with a 10% sodium chloride solution containing 
ammonium sulphate to 0.2 of saturation. The residue was then redis- 
solved in a small volume of 10% sodium chloride, and the resulting 
solution was filtered and dialyzed until chlorides were removed. In 
this manner the greater part of the globulin present in the meal was 
obtained as a white powder. ‘This was suspended in alcohol for twenty- 
four hours and in anhydrous ether for another twenty-four hours. It 
was then filtered off and freed from ether in a vacuum desiccator and 
finally dried to constant weight at 110°C. : 

Isolation of Conarachin.—The filtrate from which arachin had been 
removed, and which was now 0.2 saturated with ammonium sulphate, 
was completely saturated by adding more ammonium sulphate. This 
treatment produced a small quantity of precipitate. This was redis- 
solved in 10% sodium chloride and the filtered solution dialyzed until 
free from chlorides. The conarachin was then dried in the same man- 
ner as the arachin. 

Isolation of an Albumin.—Beside arachin and conarachin sodium 
chloride solutions also extract from peanut meal a trace of albumin 
which coagulates at 65 to 70°C. Carbon and hydrogen determinations 
made on a small quantity of this albumin gave results which agree 
closely with the values obtained by Osborne’ and his co-workers for the 
legumelins frequently found in the seeds of leguminous plants. 

The difference in the composition of arachin and conarachin is shown 
by the following analytical results: 


ARACHIN CONARACHIN 
Per cent Per cent 
CSUN PEER RC NM Aen) Us Jos aR PUP Oat ae NI MGA ot Nc S225 51.17 
| BT prea NP Deer ain aI UNSC 8 2h ele ARNT ee aang BELG ea Ce hae 5 hs 6.93 6.87 
INS Sih ale Sha Catt ah ARE Go UML UR RU APOC L hs t RA  lL Oe 18.29 18.29 
eile clara ta ue) SCL tie gto )ka CREAR OR TSER S LgeRCAT SUN IS a ae eter ea 0.40 1.09 
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It will be seen that the greatest difference between these two globu- 
lins is in the percentage of sulphur, which is nearly three times as great 
in conarachin as in arachin. Another marked difference between these 
two proteins is shown by the figures representing the distribution of 
nitrogen as determined by the Hausmann method. The figures are as 
follows: 


N ARACHIN CONARACHIN 
PRINT E es, Ao) ods Hoye die, Oni ate! de FS Reo ae nen PT Oe Bee AU 2.03 2.07 
Eel UMa ER ler eH Nt Cie ois d's ale cebetellalgletalelelelg'a dlidle ace 0.22 0.22 
Pere MO ee IE LIE EE Cay cles Sle! 4a Sal sc a\'ader «le abace to ale arate es 4.96 6.55 
TL Etiee Tet) I Ds 0 a POL 11.07 9.40 
MIGRAN sce ess 5 EE eR ESI ees adh ts EME eR eee pee 18.28 18.24 


The high percentage of basic nitrogen in these proteins is most strik- 
ing and, as far as we know, conarachin contains more basic nitrogen 
than any other seed globulin yet examined. Tor the sake of compari- 
son, the percentages of basic nitrogen in proteins from some seeds com- 
monly used for foods are also given below.* 


BASIC 
PROTEIN SOURCE NITROGEN 

Per cent 
EESTI 4 olathe AME AN a A Maize 0.49 
Mes LEA CIMIAMMM RL Shoes I es cA se sos ole Ue ale S000 5 ey se Mlaland atnibelde Rye 0.91 
CS IVEIGUEOY, sy 1G es oR eS cage oc Wheat 1.09 
fligetsl Se OMIM eI CE Me cline yee a Ga a das dures: as bailed averecs Ghar Kidney bean 3.62 
PTET LNT Es ee SQL A Pea 4.92 
EEXTEAICIONIS puch ic iecaupaet ORR aA te WU i a me a Peanut 4.96 
LL BOIS Gara ily a ed Oe aoe Pea 5.11 
SCRE ELSTUC Gia os des BIN ay PRR aL Brazil nut 5.76 
VANESIEE) oly Sty RNG RI er RnR a ae Ue a a ea Hemp seed OL OT 
SPUD SUILEID, 9 el ee Ruan LI AO a ot! a Oe RA Cocoanut 6.06 
Ream TAITIV Wray aise. ah Dk oiatel Oe aa wed avatars Geen basieeatte elas Peanut 6.55 


Percentage of Basic Amino Acids in the Globulins of the Peanut.—Ara- 
chin and conarachin were hydrolyzed by boiling with 20% hydrochloric 
acid for twenty-four hours. The hydrolyzates were then analyzed by 
the Van Slyke method. The following results are corrected for the 
solubilities of the phosphotungstates of the bases: 


ARACHIN CONARACHIN 


Per cent Per cent 
JU ATANDUBTLERIBS bows Ghy ores ics BL GB) cee ECR OER ERE 13.51 14.60 
HIS EUCHITIC peer ar PPC GAMES ase or ON a SR 1.88 1.83 
JRA SY SMe te es eee asin 28 Ad A a 4.98 6.04 
, OSV TOKE MER RA ee ss. et BL aa i a a ra 0.85 1.07 


The figures for cystine are undoubtedly too low as they represent only 
the cystine which escaped destruction during the hydrolysis of the pro- 
teins. Both proteins also gave a strong qualitative test for trypto- 
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phane. For the sake of comparison the percentages of lysine in the pro- 
teins of some common seeds and in muscle from some animals are also 
given in the following tables: 


Lysine content of some vegetable proteins 


PROTEIN SOURCE PER CENT 
FS AN TOE RON 0 1 ee RS RT et stacey ee ai ED a ai teh) Maize 0.005 
Glia ae a ae ei ae RIB PVA Boek At oe Wheat "1.206 
5 Cf. 0 119050 1 es a a GSE AI DRO GG ha nh lA Pea 4.297 
PRASCOMIRT occa ice icietdeierebalare wre ee ee Lee ee ee TCL eee Kidney bean 4.588 
Je\S2'( ol ov 1 MERE a oA C RPI ORL RE Be ANGUS gh a PMI Peanut *4 98 
Woriarachim ee iia eels 6 Ae es ee an ee ar Peanut *6.04 


Lysine in muscle substance of different animals? 


Stallops (Pectemennadsaus)oo nite) e aise: «Sin nis oa eo bee ae ate nie eae tot ee 50h 
Halibut (Htppoglossus Duh garas). <0. oes ooo od oe oh cle se 7.45 
Chickens 0005 205.2 81 Sa ius Suh hie hte o reiiee atehgien dR Wei eae at 7.24 
ORCA Lo ARE vata os nbcoetelae ie ely tolanela kau ie dora ete tae et oa) Es rr 7.59 


The figures marked by an asterisk were obtained by the Van Slyke 
method and, therefore, probably represent the maximum percentage of 
lysine obtainable. Those not so marked were obtained by Kossel’s 
absolute method and may be somewhat too low. It is seen, however, 
that the percentages of lysine in arachin and conarachin of the peanut 
are relatively high and, indeed, approach the lysine content of muscle 
substance of different animals. It will also be noted that no lysine has 
been found in zein and that the maximum percentage of lysine obtained 
from gliadin is only 1.21%. 

Osborne and Mendel'® and other workers have shown that lysine 
is essential to the growth of animals. Nutrition experiments indicate! 
that the animal organism cannot synthesize lysine which must, there- 
fore, be provided in suitable quantity in the food to insure normal 
growth. Since the muscle substance of animals contains about seven 
per cent of lysine, foods deficient in this essential amino acid should be 
supplemented by the addition of other foods which contain a high per- 
centage of lysine. Diets of wheat and corn, both of which contain but 
little lysine, should therefore prove more efficient if supplemented by 
some foodof highlysine content. Peanut meal appears to be well adapt- 
ed to this purpose. From anutritive standpoint it is one of our cheap- 
est foods and seems to possess no objectionable properties. Animals 
fed on it thrive well and increase rapidly in weight.” It, therefore, 
seems probable that corn and wheat could be much better utilized and 
a considerable saving in the cost of feeding effected by supplementing 
these cereals with peanut meal. 
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1 This article is published by permission of the Secretary of Agriculture. A part of the 
work of which this is a summary appeared in J. Biol. Chem., 28, 1916, (77). The part relat- 
ing to the determination of the basic amino acids in the proteins will appear in the May 
number of the same journal. 

2 Ritthausen, H., Arch. ges. Physiol., Bonn, 21, 1880, (81). 

3 Osborne, T. B., Ergebn. Physiol., 10, 1910, (126). 

4 Osborne, T. B., The Vegetable Proteins, London, 1909, p. 57. 

5 Osborne, T. B., and Jones, D. B., Amer. J. Physiol., Boston, 26, 1910, (227). 

6 Osborne, T. B., Van Slyke, D. D., Leavenworth, C. S., and Vinograd, M., J. Biol. 
Chem., 22, 1915, (259). 

7 Osborne, T. B., and Clapp, 5S. H., bid., 3, 1907, (219). 

8 Osborne, T. B., Ergebn. Physiol., 10, 1910, (116). 

9 Osborne, T. B., and Jones, D. B., Amer. J. Physiol., Boston, 24, 1909, (438). 

10 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 22, 1914, (325). 

11 Hopkins F. G., London, J. Chem. Soc., 109, 1916, (629). 

2U. S. Dept. Agric., Washington, Weekly News Letter, 4, No. 22, 1916. 


A DESIGN-SEQUENCE FROM NEW MEXICO 
By A. V. Kidder 


PHILLIPS ACADEMY, ANDOVER, MASS. 
Communicated by W. H. Holmes, April 2, 1917 


Much has been written on the development of geometrical decoration 
among primitive people, and many design-sequences have been arranged; 
the latter, however, have almost always been based on preconceived 
theoretical ideas, and the material for them has usually been selected 
from specimens whose relative ages have not been known. Such se- 
quences cannot, therefore, be regarded as indicating surely the tenden- 
cies of design growth, for the specimens regarded as early may in fact 
have been late, and the development may thus have taken place in the 
opposite direction to the one postulated; or, again, the specimens may 
all have been of one period and may represent either contemporary 
variants of a single design-phase, or entirely unrelated parts of other 
unsuspected sequences. It has accordingly been impossible in most 
cases to do more than guess as to whether any given change in design 
has been from the natural to the conventional or vice versa; whether 
toward simplification or toward elaboration. 

The only safe method for the working out of developments in decora- 
tive art is to build up one’s sequences from chronologically sequent 
material, and so let one’s theories form themselves from the sequences. 
In the case of aboriginal American art this ideal has been very hard to 
attain because of the scarcity of stratified sites and the corresponding 
difficulty of obtaining relatively datable specimens. 

In the Rio Grande district of New Mexico, however, students have 
recently been recovering stratigraphical data which establish an orderly 
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succession of several pottery styles; so that almost any vessel may be 
placed in its proper chronological relation to any other. Close studies 
of the decoration of these vessels should enable us to recognize and 
tabulate enough true design-sequences to form the basis for a correct 
appreciation of the art tendencies in that area. Several such sequences 
are already becoming apparent; the accompanying incomplete example 

is given as an illustration. 
While the five units in the series are from vessels from various sites, 
stratigraphical studies by Mr. Nelson at San Cristobal and by me at 
Pecos allow it to be stated positively that they 


are arranged in their proper chronological order. 
[ra] | A description follows. 
In the early black-on-white pottery a common 


design consists of a large triangle with two of its 
: corners filled in with black; a pair of opposed 
Ll. 
y 2 


stepped figures mounted on interlocking ‘stalks’ 
occupies the remaining rectangular space (fig. 1). 
In a primitive type of biscuitware which succeeds 
the black-on-white the same triangular element is 
often seen, and the two opposed stepped figures 
are also present but have lost their interlocking 
‘stalks’ and hang suspended in the open space 
(fig. 2). In the biscuitware of a slightly later 
period the stepped elements drop out altogether, 
but the triangle holds to its original shape (fig. 3). 
In still later examples a progressive modification 
takes place in the cut-off and filled-in corners of 
the triangle; they become smaller and their two 
contiguous sides are no longer at right angles to 
each other (fig. 4). A final step is shown in figure 
5; it is characteristic of the last type of biscuitware 
with which we are familiar. 

This series represents, of course, only a short period in the life of this 
particular design; what phases it passed through in reaching the com- 
plicated form in which we first encounter it are as yet unknown; nor 
can we tell whether or not it had any later developments. In this short 
sequence we see: first, a progressive simplification due to the dropping 
out of elements (figs. 1, 2, 3); second, a modification in the shape of 
the remaining elements (figs. 4, 5). These data are, of course, too 
scanty for general conclusions, as they illustrate only one of many de- 
signs; they show, however, what interesting results may confidently 
be expected. 
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THE EQUILIBRIUM BETWEEN CARBON MONOXIDE, CARBON 
DIOXIDE, SULPHUR DIOXIDE, AND FREE SULPHUR 


By John B. Ferguson 


GEOPHYSICAL LABORATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by A. L. Day, April 4, 1917 


The value of a study of the equilibrium between CO, Co:, SO., and 
S. lies not in the reaction itself, important as this undoubtedly is both 
to the scientific and technical worlds, but rather in the fact that from 
such a study the free energy of sulphur dioxide, a quantity indispensable 
to a proper study of the chemistry of the sulphur compounds, may be 
directly obtained. That such an investigation has not heretofore been 
completed may be ascribed to the many difficulties which appear at 
the outset to block the way. The complex subsidiary reactions taking 
place at comparatively low temperatures are the source of many of these 
and would seem to have deterred Lewis and Lacey! from continuing 
their investigations in this direction. These reactions may be thus 
summarized: 

CO +5 =COS 
2COS =COoO. + CS, 
CS, — CS, 4-5 


They rendered the ordinary stream methods of investigation useless 
since by these methods samples could not be obtained which had not 
reacted after leaving the equilibrium chamber. A semi-stream method 
devised by the writer obviated this difficulty and samples so obtained 
from equilibrium mixtures at 1263° abs. showed no evidence of any 
such reaction taking place. Since the velocities of these reactions 
greatly exceed that of the main reaction, which goes according to the 
equation: | 

CO + 350. = CO, + ¢ S,, 


the absence of the products of the former clearly indicated that by this 
method cooling effects had been eliminated. Details of the method will 
be given in the final paper. By it a given gas mixture may be heated 
for a given time at a given temperature and a correct sample of the 
same then obtained for analysis. It has also the added merit that 
if the temperature be properly varied the equilibrium can be approached 
from either side. 

A few of the results obtained in this way are presented in the follow- 
ing tables, K being defined by the equation: 
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7 
Poo, i Pi, 


Kk = — 
Poo : Psé, 


All of these with the exception of the measurements at 1458 were 
obtained from experiments in which platinum was present as a contact 
mass and the variations are probably due to analytical errors. The 
two measurements at 1458 were obtained from experiments in which a 
bare porcelain tube was used as a container and it is unlikely that 
equilibrium was reached in either case. An average of these two prob- 
ably will be very near the correct value. 

From these results the thermodynamical constant J for this reaction 
may be calculated by means of the equation:? 


— RT InK =AH,)— ATTInT — $AT, 7? —14AT, T° +1T (1) 


The additional data necessary has been well summarized by Lewis' 
and his co-workers with the exception of the specific heat of 5, and 
and the value of AH) for the reaction S, + O2 = SO:. The assumption 
that the former is the same as that of oxygen leads to the equation for 
the increase in heat capacity for the main reaction: 


AT = — (1.375 — 0.0028 T+ 0.000 000 937%) 


The further assumption that Berthelot’s+® value of 69400 cal. for the 
heat of formation of sulphur dioxide from its elements at room tempera- 
tures gives for the reaction 


(Sat O, = SO,) AH = — 34 195 cal. 
and for the main reaction 
CO+4S0,=CO,+48, AH, = — 25 915 cal. 


Substituting these values in equation (1) we have 

— RTInK = — 25 9154+1.375TInT — 0.001477 + 0.000 000 1557° + IT 
In table 3 will be found the values of J calculated by means of this 

equation from the results found in tables 1 and 2. 


TABLE 1 
EQUILIBRIUM APPROACHED FROM THE CO-SQ2 SIDE 


TEMPERATURES 
Absolute Centigrade Log K 
1271 998 1.79 
1273, 1000 1.73 
1273 1000 Lit 
1458 1185 1313 


1463 1190 1.19 
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TABLE 2 
EQUILIBRIUM APPROACHED FROM THE COQ,-S2 SIDE 


TEMPERATURES / 
Absolute Centigrade Log K 
1277 1004 1.78 
1458 1185 D7 
1463 1190 1.18 
TABLE 3 
TEMPERATURE 
Absolute I CALCULATED 
1271 3.88 
1243 4,12 
1273 3.94 
1277 3.85 
1458 3.97 
1463 3.96 
1463 4.00 
Average value = 3.96 


The agreement speaks not only for the results themselves, but justi- 
fies the assumption of — 34195 cal. for AH) for the reaction,4 (S, + O. 
= SO.) and indicates the correctness of Berthelot’s value for the heat 
of formation of sulphur dioxide. The free energy equations for the two 
reactions 7 

CO + 350. === CO, + 45S, and 
Se +O. === SO, 


may now Safely be written. 
The former will be 


AF,= —25915+4+1.375T In T — 0.00147’ + 0.0000001557° + 3.96T 
and the latter 
AF, = — 68 391 + 3.62T In T — 0.0007 T? + 0.000 000 317 T?—25.03T 


Under standard conditions, therefore, 


CO =F 4 SO, = CO, aa 1 Se AF 58 = — 22 529 cal. 
Sr ate O, = SO, AF 59g = — 69 757 cal.? 


The final paper will appear in the Journal of the American Chemical 
Society. 


1 Lewis, G. N. and Lacey N. J. Amer. Chem. Soc., Easton, Pa., 37, 1915, (1976) 

Zewis, Go Newb. 35 1913. (). 

3 Lewis, G. N. and Randall, M. Ibid., 34, 1912; (1128), 36, 1914, (2468); 37, 1915, (465). 

4 Ann. chim. phys., Paris, (Ser. 5), 22, 1881, (428). 

§ Berthelot’s average value of 69260 includes results obtained from experiments in which 
the sulfur dioxide was determined by means of an alkaline solution. This procedure prob- 
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ably led to too low results and it is significant that those so obtained were lower than those 
obtained when iodometric methods were used. See “The Iodometric Determination of Sul- 
fur Dioxide and the Sulfites,’ J. B. Ferguson, J. Amer. Chem. Soc., Easton, Pa., 39, 1917, 
(364). 

6 Thomsen’s value is 71080. (Thomsen, Thermische Untersuchungen, 2, p. 251) 

‘’ This value agrees with that derived from some preliminary investigations by M. Ran- 
dall on sulfur and water (Thesis, Mass. Inst. Tech., Boston, 1912) and also with that ob- 
tained by Lewis and Bichowsky in a more complete investigation carried out at higher tem- 
peratures (private communication). 


PHYSIOLOGICAL EFFECT ON GROWTH AND REPRODUCTION OF 
RATIONS BALANCED FROM RESTRICTED SOURCES 


By E. B. Hart, E. V. McCollum, H. Steenbock, and G. C. Humphrey 


DEPARTMENTS OF AGRICULTURAL CHEMISTRY AND ‘ANIMAL HUSBANDRY, UNIVERSITY 
OF WISCONSIN, MADISON 


Communicated by R. Pearl, March 29, 1917 


Our early work! on the nutrition of herbivora with restricted rations 
demonstrated clearly the inadequacy of the accepted theory as to what 
constitutes a balanced or complete ration. Up to that time total pro- 
tein—without reference to quality—energy, and ash materials were 
considered the essentials of a ration. The latter, however, occupied no 
position in the mathematical expression of the standards developed. 
The standards have been stated only in terms of total digestible pro- 
tein and energy. It is, however, probably true that in a practical sense, 
and with the generally accepted knowledge of the quality of materials 
accumulated from a long and varied experience, that such standards 
have had and will continue to have very great value; but their limita- 
tions are also made evident by this earlier work and are emphasized by 
what we have since done. Within the past few years our knowledge? 
of the essentials of a ration have expanded and today we would consider 
a ration complete and efficient only when it contained protein of ade- 
quate quantity and quality, adequate energy, ash materials in proper 
quantity and proportion and two factors of unknown constitution 
(vitamines), designated from this laboratory? fat soluble A and water 
soluble B. 

In addition to the above normal factors there may be introduced 
with natural food-stuffs the important factor of toxicity. This can be 
wholly absent or so mild in its effects as to be entirely obscured when 
the other essentials of a ration are at an optimum adjustment; or with 
fair adjustment it may only reveal its effects when the ration is con- 
tinued over a very long time and the animal involved in the extra 
strains of reproduction and milk secretion. This resistance to toxicity 
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is very materially increased through a proper adjustment of the normal 
factors of nutrition. 

With this recognition of all the normal factors for adequate nutrition 
there must not simultaneously arise a desire for a mathematical expres- 
sion of these factors in feeding standards. It is doubtful if this can 
ever be done, at least for certain of them. For example, the réle of 
the mineral nutrients is so varied, including such widely separate func- 
tions as construction and control through antagonism as to make it 
seem futile to attempt an expression of absolute requirements when 
natural foods, with their diversity of mineral content, are involved. 
Even the recognition of differences in the quality of proteins and their 
relation to nutrition® will make it more difficult to continue expressing 
protein requirements in exact quantities than before the development 
of such knowledge; and what can be said of the quantitative require- 
ments of fat soluble A and water soluble B and their supply in feeding 
materials? 

All these developments of the last few years emphasize the need of a 
thorough study of the contributing nutritive factors of a single food 
stuff, and in the state of our present knowledge such information will 
be secured only by physiological tests, involving the animal in reproduc- 
tion and milk secretion. A contributing factor by a natural food may 
at times be in the nature of toxicity and this may serve as a harmful 
and abnormal factor. As such knowledge develops and it becomes 
clear that this or that single food material will supply adequately the 
normal nutritive factors, not measurable by any quantitative chemical 
method, such as fat soluble A, water soluble B, or mineral nutrients, we 
will return with more confidence to the mathematical standard that 
only involves the energy and protein supply of that single food material. 
This confidence in the expressed quantities of energy and protein avail- 
able in a food-stuff will rest upon the definite information that they 
become physiological effective only when they form part of a ration 
which carries one or a number of food-stuffs supplying adequately the 
other nutritive factors. With such an understanding the feeding stand- 
ards developed on the energy-protein basis would continue to be theo- 
retically sound and of very great practical value. As illustrative of 
our position, and taken from our own experience with wheat grain feed- 
ing we would feel reasonably safe if a wheat grain ration, based on pro- 
tein and energy and to be fed continuously to a growing herbivorous 
animal, was built around alfalfa hay; less safe if built around corn 
stover, and fearful of disaster should the roughage used be wheat straw. 

In our earlier experiments a ‘balanced’ ration from the wheat plant 
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gave fair growth, but complete failure in reproduction with heifers, 
while a ‘balanced’ ration from the corn plant was successful. 

In our attempts to locate the trouble in the all wheat ration, wheat 
grain—wheat straw—we have fed rations made up of corn grain and 
wheat straw. Here the offspring were weak and often born dead. 
When to that same ration, however, a suitable salt mixture was added 
so that the ash content of the ration was like that of the all corn ration 
perfect offspring resulted. This would clearly indicate that one of the 
deficiencies of an all wheat plant ration was a proper salt mixture. 
When, however, the corn grain in the above ration was displaced by 
the wheat grain and the ration consisted of wheat grain—wheat straw 
and salts, disaster again resulted, which showed the presence of another 
disturbing factor in the wheat grain. Calves born by mothers upon 
this ration showed peculiar deflections of the head, inability to get up 
and suckle the mother, and in most cases have died within a few hours 
after birth. 

These experiments indicate that in the all wheat plant ration there 
were two factors operative against normal nutrition, namely, a poor 
salt mixture and inherent toxicity of the wheat grain. When the wheat 
grain was coupled with corn stover we have sometimes met with suc-. 
cess and sometimes with failure in the character of the offspring. With 
strong mothers it appears that the corn stover may become an ‘anti- 
dote’ and thereby furnish sufficient of all the normal factors of nutri- 
tion so as to enable the animal to reproduce normally. 

The possibility of the toxicity being destroyed by heat was also in- 
vestigated and baked wheat was fed with corn stover. This had no 
effect whatever in improving the wheat kernel. 

In other cases the wheat grain-corn stover ration had butter fat 
added to it for the purpose of supplying.plentifully the growth promot- 
ing—factor-fat soluble A—now known to be necessary for growth and 
supplied abundantly in butter fat. It was thought possible that the 
wheat grain-wheat straw ration was somewhat deficient in this material. 
Butter fat additions, however, did not uniformly improve the ration. 
We had a number of failures in reproduction, and also a number of suc- 
cesses with its use. This would again emphasize the probability of the 
presence of a toxic substance in the wheat grain. 

When, however, the wheat grain was mixed with a legume hay, such 
as alfalfa, so that the latter formed but 20% of the ration, we have had 
perfect success in all cases in the production of normal offspring, at 
least for the first gestation. The improvement resulting from the use 
of the alfalfa must lie in introducing into the ration a better salt mix- 
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ture, perhaps a better protein mixture, and an abundance of growth 
_ promoting substances, all of which may contribute toward making it 
possible for the cell to destroy or resist the action of the toxic substance 
introduced. However, in the second gestation period on the same 
ration—wheat grain, wheat straw, alfalfa hay, the calves were weak, 
and in one case blind, but lived. This is extremely interesting as illus- 
trating the cumulative effect of this toxicity. 

Where corn stover was wholly substituted for the wheat straw we 
had a number of successes and also a number of failures in the first 
gestation period. Apparently this roughage was not as effective as an 
‘antidote’ to the toxicity as the legume hay. 

We had thought it possible in our earlier work that the acidity of the 
wheat ration was an important factor in the results recorded. It was 
true that the urine of the all-wheat plant fed animals showed a slight 
acidity to litmus due to a low intake of bases in the ration. If this 
were an important factor in our results then the successful corn ration 
might be disturbed with acids and give us results similar to the wheat 
ration. ‘This however, we found not to be the case; for when to an all 
corn ration there were added mineral acids, such as sulphuric and phos- 
phoric acids, in such proportions as to make the acidity of the urine of 
a degree similar to that of a wheat-wheat straw fed animal, the offspring 
were strong and normal in every respect. Even the addition of a high 
proportion of magnesium salts to a corn ration did not disturb in any 
way its power of producing normal offspring. 

The results detailed above indicate clearly that wheat grain contains 
a toxic material, and later work has shown that this is very prominent 
in the embryo of the seed. When wheat embryo is imposed on corn 
stover so as to bring into the ration seven to eight times the amount of 
embryo that would be introduced when feeding whole wheat, the result 
is likely to be an early abortion. The calf is now dropped at six to 
eight months; this demonstrates that the increased mass of the toxic 
materia] produces this disturbance at a somewhat more rapid rate. 
This result was particularly apt to occur where no other grain was used 
with the embryo. With both corn meal and corn stover in the ration 
the detrimental effect of the wheat embryo was nullified, at least for a 
single gestation period. 

It is an interesting fact that in the wheat milling industry the embryo 
passes into wheat bran in small amounts but in much greater quanti- 
ties in wheat middlings. The wheat flour that is used for bread making 
has the least content of embryo of any of the wheat by-products. 

In an attempt to obtain an anatomical picture of the condition re- 
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FIG. 1. CALF FROM COW 562 


Wheat embryo 3 parts, corn starch 4 parts, corn stover 7 parts. The embryo of the 
wheat grain carries a considerable mass of toxicity. Massing this in the ration brought on 
early abortion with a gestation period of six to seven months. ‘This ration was a so-called 
‘balanced’ ration 


FIG. 2, CALF FROM. COW 648 


Second gestation on a ration of wheat grain 8 parts, wheat gluten 0.3 part, wheat straw 
2.9 parts, alfalfa hay 2.9 parts. In the first gestation this cow produced a strong calf on 
this ration. In this second gestation period the calf was carried to full time, but was weak 
and was fed from a bottle; grew strong, but the front legs were weak and it stood for the 
first few days of its life on the first joints. This calf was blind. The mother remained in 
apparently good condition. This again illustrates the cumulative effect of the wheat toxicity. 
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sponsible for the physiological disturbances as already described, Dr. | 
Bunting of the Medical School of the University, kindly consented to 
make a histological study of the tissues from a number of the abnormal 
calves. In general no striking lesions were revealed. Livers and kid- 
neys showed some degeneration (hydropic) changes, but the nervous 
tissues gave the most evidence of the presence of an excessive amount 
of fluid—a condition of oedema. ‘This histological picture was anal- 


FIG. 3. COW 662 AND CALF 


Successful reproduction in the presence of the embryo. A ration of corn meal 4 parts, 
corn starch 1 part, wheat embryo 2 parts, corn stover 7 parts. At least for the first gesta- 
tion the ‘antidotal’ properties of corn meal and corn stover were sufficient to overcome the 
toxic effect of the wheat embryo. Without the corn meal and with only wheat embryo, 
starch, and corn stover in the ration reproduction would have been premature and the calf 
either dead or markedly undersize (see figure 1). 


ogous to that of beri beri, the result of feeding polished rice, and it also 
simulated, if it was not identical, with that obtained from the spinal 
cord of pigs on certain rations as described in a previous publication.‘ 
The oedema was observed between the membranes covering the cord, 
around the blood vessels and around the nerve cells. In these instances 
the nerve cell and their nuclei were shrunken, the latter staining more 
intensely than normally. No abnomalities in medullation of the fibers 
of the cord as demonstrable by the Weigert stain were observed. While 
the observations did not point to anything especially characteristic it 
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is probable that the motor disturbances observed in the animals can be 
referred to the oedematous condition of the nervous tissues. The cause 
of beri beri is ascribed to the absence or deficiency of certain essential 
factors in the diet, particularly to water soluble B. In the case of ex- 
cessive wheat feeding it would appear that the essential causal factor 
for disaster to growth and reproduction is a toxic substance which either 
interferes with the utilization of materials necessary for the full develop- 
ment of the nervous system of the animal or directly with the normal 
functioning of this tissue. This would account for the blindness ob- 
served in some of the heifers and also for the failure of muscular co- 
ordination apparent in the new born calves produced on rations of large 
whole wheat content. 

It was also apparent that rations producing an early delivery of off- 
spring would usually lead to a failure of the animal to remove properly 
the afterbirth, with its attending dangers of infection; and an over- 
abundance of a material like wheat straw in a ration, owing to its low 
salt content, becomes an important factor in premature birth. 

An observation in our experimental work of interest to veterinarians 
was the low resistance to other diseases of the mothers fed the wheat 
ration. In an outbreak of anthrax in the university herd the only losses 
to occur from this disease in our experimental herd were among the 
wheat grain fed animals. 

The principle® laid down as to what factors must be present in a ra- 
tion of natural origin in order that it becomes efficient for both growth 
and reproduction is well supported by these data. This principle pos- 
tulates that there must be present efficient proteins, adequate energy, 
proper salt mixture, fat soluble A and water soluble B (vitamines) and 
an absence of toxicity or a toxicity of such mildness as to become inoc- 
uous in the presence of the other normal factors of nutrition. The 
presence of toxicity in the wheat kernel as the explanatory factor for 
these records rests not only upon the evidence secured with swine and 
rats but also on that presented here. [i is not a deficiency phenomenon. 
A wheat grain, corn stover ration often failed, not only when used alone 
but when there was added to it the most likely limiting factor, fat soluble 
A, as butter fat. 

The recognition of these normal factors of nutrition and the further 
recognition of the occurrence in apparently normal food-stuffs of sub- 
stances of mild toxicity will be of immense advantage in arriving at an 
understanding of the oft reported troubles with farm animals which 
today are either not understood or their etiology wrongly assigned; and 
in the field of human nutrition the same principles will apply. 
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When a few years ago the corn crop of Nebraska failed to mature 
because of drought, but early rains had produced a bumper wheat crop 
it left many farmers with little to feed their breeding stock but wheat 
grain and certain roughages. In many cases where this was done the 
calves were born either dead or weak, with great financial losses to 
many breeders. No one would have suspected that the ration was a 
factor in these disasters, but it undoubtedly was the direct cause of the 
trouble. 

When Dakota farmers, with their only roughage as wheat straw, try 
to build up an animal husbandry industry there is likely to arise trouble 
in reproduction with this class of animals unless other roughages 
with better salt mixtures are brought into the ration. We are informed 
that there is already much trouble with reproduction by cows in the 
Dakotas wherever much wheat straw is fed. Such facts as these must 
emphasize the importance of an understanding of all the factors of ani- 
mal nutrition and in addition an understanding of all the factors con- 
tributed by any particular food-stuff. It should further emphasize how 
such studies can furnish the facts which will aid the animal feeder in 
avoiding the danger zones of his art. We need more effort placed on the 
accumulation of information on the physiological behavior of feeding stuffs 
than on the atiempts to bring out new mathematical expressions of feeding 
standards. 

These experiments further show the limitations of the theory of a 
‘balanced’ ration as now expressed and indicate the very great impor- 
tance of other factors besides protein and energy in the successful diet. 
It was indeed surprising to find that the common wheat kernel had a 
low toxicity; but such factors as toxicity, growth promoting substances 
of unknown nature, proper balance of salts, indicate how complex the 
problems of animal nutrition really are and how necessary it is that 
these factors be clearly exposed in order that we may place the various 
feeds in their proper category. We have pointed out how a material of 
low toxicity, such as the wheat kernel, may be used with success. A 
good roughage like a legume hay was an admirable ‘antidote.’ Even 
corn meal and a poorer roughage like corn stover served to offset the - 
detrimental effects of a large mass of wheat embryo. This also illus- 
trates how an adjustment of the normal factors of nutrition may con- 
ceal the presence of the detrimental factors. 

It is important to keep constantly in mind that the disclosure of 
either a nutritive deficiency or the presence of an abnormal factor in a 
common natural food stuff should not necessarily condemn its use. It 
should, however, emphasize the need of combining it in the ration with 
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those other natural products which will either supply abundantly the 
deficiencies or act as an ‘antidote’ to any inherent toxicity. 


1 Hart, E. B., McCollum, E. V., Steenbock, H., and Humphrey, G. C., Wisconsin Exp. 
Sta. Research Bull. No. 17, 1911. 

2 Stepp, W., Zs. Biol., Miinchen, 57, 1912, (135) 62,1913, (405); Hopkins, F.G., J. Phys- 
tol. 44, 425, 1912; Funk, C., Zs. Physiol. Chem., 88, 1913; (352), 92, 1914, (13); McCollum, 
E. V., and Davis, M., J. Biol. Chem., 15, 1913; (167), 23, 1915, (231); Osborne, T. B. and 
Mendel, L. B. Ibid., 15, 1913, (311). 

8’ McCollum, E. V., and Kennedy, C., J. Biol. Chem., 24, 1916, (491). 

4 Hart, E. B., and McCollum, E. V., [bid., 19, 1914, (373); McCollum, E. V., and 
Simmonds, N., and Pitz, W., Ibid., 25, 1916, (105); Hart, E. B., Miller, W. C., and 
McCollum, E. V., [bid., 25, 1916, (239). 

5 Hart, E. B., Miller, W. C., and McCollum, E. V., Ibid., 25, 1916, (239); McCollum 
E. V., Simmonds, N., and Pitz, W., Ibid., 25, 1916, (105). 


WHAT DETERMINES THE DURATION OF LIFE IN METAZOA?> 
By Jacques Loeb and J. H. Northrop 


LABORATORIES OF THE ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, NEW YORK 
Read before the Academy, April 16, 1917 


1. It can be stated as a fact that most if not all organisms have a 
characteristic duration of life. To give extreme examples, many insects 
have a duration of life measured in weeks only, while the Californian 
sequoia has a duration of life of thousands of years, and in the human 
being the duration of life is proverbially three score and ten. The 
question arises: What determines this characteristic duration of life? 

Biitschli was the first to point out that unicellular organisms have 
an unlimited duration of life and this idea has become very popular 
through Weismann. All recent researches support the correctness of 
this idea. As a consequence we are forced to the conclusion that nat- 
ural death is a phenomenon found almost exclusively in organisms 
which are composed of different organs. The idea that natural death 
is connected with the compound character of organisms is supported by 
two facts; namely, first, the observation that a cutting will survive the 
whole plant, while the cutting if not separated would have died with 
the whole plant. By the method of cuttings the life of the individual 
plant can be prolonged apparently indefinitely. 

The second fact is that if we take pains to transplant certain cells 
from an old organism successively to young organisms, these cells will 
outlive the original individual indefinitely—they are, in other words, 
immortal. The proof can only be furnished with the aid of marked 
cells and Leo Loeb selected for this purpose the cancer cell which is 
easily distinguishable from other cells by its rapid growth. He thus 
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showed that the cancer cell is apparently immortal and the same could 
possibly be shown for many other tissue cells if 1t were only possible to 
mark them and thus follow them individually through a series of suc- 
cessive graftings. 

The experiments on hybridization also support the idea that natural 
death is due to some maladjustment in a compound organism. By 
fertilizing an egg with the sperm of another species we can bring about 
a shortening of the duration of life to an almost infinitely small fraction 
of the normal duration; and in some cases the opposite result may also 
be obtained. It depends whether in the hybrid the maladaptation of 
the parts is greater or smaller than in the pure breed. The problem 
then before the biologist is to find out the physicochemical character 
of this maladaptation which results in old age and death. 

2. In certain organisms life is divided into two or more well defined 
morphological periods separated by an equally well defined process, the 
metamorphosis. Thus in the frog the metamorphosis from the tadpole 
stage consists in the growth of the legs and the absorption of the tail 
and gills. We know now through Gudernatsch that this metamor- 
phosis can ke brought about at any time by feeding the tadpole with 
thyroid, and it is possible that the natural duration of the tadpole 
stage is determined by the production of a certain quantity of a sub- 
stance, possibly a specific constituent or product of the thyroid gland 
in the tadpole. This substance acts on many different organs in the 
body in a different way, causing the buds of the legs to grow and caus- 
ing the tail and the gills to die by autolysis and by phagocytosis. 

This suggests the possibility that the termination of the second stage 
in the frog’s life, namely natural death, is also determined by the pro- 
duction in the body of one (or more) substances which bring about the 
termination of the second stage of life as definitely as the thyroid substance 
terminates the tadpole stage. It matters little whether we call such 
substances terminating one of the stages in life hormones or poisons. 

3. In order to test the validity of such reasoning we have approached 
the problem by a method which one of us suggested in 1908! for this 
purpose, namely by ascertaining whether there is a temperature coef- 
ficient for the duration of life. 

It is definitely established that a number of life phenomena have a 
temperature coefficient characteristic of chemical reactions, namely of 
about 2 for a difference of temperature of about 10°C.; although at 
the lower and upper temperature Jimit this coefficient changes more 
rapidly than it is usually found to change in purely chemical processes. 
This might be interpreted to mean that the order of magnitude of the 


384 PHYSIOLOGY: LOEB AND NORTHROP 


rate of such life phenomena and of chemical reactions is the same and 
that such life phenomena are due to definite chemical reactions, e.g., 
a reaction resulting in the formation of a hormone. Such a tempera- 
ture coefficient was first observed by F. Lillie and Knowlton for the 
development of the egg of the frog and has since been found to exist 
generally. 

If we could show that in a species with a definite metamorphosis 
there exists not only a definite temperature coefficient for the duration 
of life of the order of that of a chemical reaction, but that this coef- 
ficient is approximately identical with the temperature coefficient of 
the duration of the larval stage or stages, we should not have certainty 
but at least some probability that the duration of life is determined 
by causes similar to those which determine the duration of the larval 
stages. Our experiments were made on the fruit fly which has three 
definite stages, larval, pupa, and imago. We have already reported on 
some experiments in this direction? but our new experiments were made 
on forms which had been freed from all microorganisms. This was 
necessary on account of Metchnikoff’s suggestion that poisons formed 
by intestinal microorganisms play an important rdéle in limiting the 
duration of life. | 

Moreover, in our previous experiments only water or sugar solutions 
were offered to the flies and it was necessary to keep them on adequate 
food. It was found that on 2% glucose-agar the flies lived as long as 
on their natural food, yeast or yeast-agar. We preferred glucose-agar 
since it does not allow the larvae to hatch and we had to guard against 
this possibility since otherwise it would have been impossible to obtain 
correct figures for the death rate of the old flies. About 20 flies were 
kept in a large flask and about 8 to 10 different flasks with flies were 
used for the determination of life for any one temperature. The num- 
ber of flies which died were counted each day and the duration of life 
for each temperature is the average for all the cultures kept at this 
temperature. The experiments were carried on in thermostats whose 
temperature was constant within one-tenth of a degree. The tem- 
peratures selected were 30°, 25°, 20°, 15°, and 10°. Table 1 gives the 
duration of the three stages for the different temperatures with the 
probable error. . 

These figures show, first, that the temperature coefficient for the 
larval stage, the pupa stage, and the life of the imago is of the order of 
2 or above for 10°C., which is characteristic for both chemical reactions 
and life phenomena in general. 

They show in addition, however, that the ratio of the duration of 
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the three stages is approximately constant for all temperatures as far as 
our experiments go. The ratios are given in table 2. — 

The values for the ratios at 15°, 20°, and 25° agree very well, while 
at 30° the value for the imago falls off; one of the cultures at 30° gave, 
however, the value of 0.22. 

We may, therefore, say that as far as our present experimenis go the 
ratio of the duration of life of the insect to the duration of the larval stage 
is approximately constant for all temperatures and that the same 1s true for 
the ratio of the larval to the pupa stage. 

If it is permissible to consider the production of a hormone as the 
limiting factor for the duration of the larval stage we face the pos- 
sibility that the production of a hormone (or a poison) may be also the 


TABLE 1 


DURATION OF THE THREE STAGES OF THE LIFE OF Drosophila IN Days 


STAGES 10° 152 20° 257 30° hha 
Larva....| 56.8 +1.1 |18.0 +0.2} 8.38 +0.04) 6.32 +0.04) 4.62 +0.04/4.9 +0.05 . 
Pupa....| Does not 15-5) O82) 6.1) Onl 4, 22 |-==0),03), 37243. =0 04 

hatch 
Imago’... ANVO! O29) 28.5) |= 002) 113.7 7° £04 
@otaliength of lifes. 3) a ek 54.5 39.0 DY 
TABLE 2 


RATIO OF DURATION OF THE THREE STAGES 


STAGES 15° 20° 25° 30° 
Barvarpupa i 1.31 +0.03| 1.37 £0.03] 1.49 £0.02] 1.35 +0.02 


Rb atia HIT O ee ciel ees) dey alts 0.21 +0.2 | 0.22 +=0.1 | 0.33 +0.1 


limiting factor for the duration of the imago stage and the duration of 
a normal life in general. 

On the basis of this assumption we can readily understand that by 
inadequate feeding of the larva the duration of the larval stage may be 
prolonged since the inadequate feeding may delay the formation of 
the hormone responsible for metamorphosis. It would be wrong to 
state that the duration of the larval stage is determined by the energy 
value of the food taken up by a normal larva since in the frog at least 
the larval period can apparently be prolonged indefinitely if certain 
hormones are lacking though the larva may grow considerably during 
this period. In the experiments on parthenogenetic frogs one of us 
has twice obtained a tadpole unable to metamorphose in a year or in 
a year and a half. One of these had grown beyond the normal tadpole 
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size. The latter was finally fed thyroid and began to metamorphose 
within a week. Both tadpoles were almost albinotic and from a recent 
paper by Allen it seems possible that in both larvae the hypophysis 
was abnormally developed or lacking. It is obvious that the pro- 
duction of a definite hormone and not the calory value of food is the 
limiting factor for the duration of the larval period. 

4. Conclusion.—The experiments show that Drosophila has a temper- 
ature coefficient for the duration of life of the order of magnitude of 
that of a chemical reaction. Since the animals used in our experiments 
were absolutely free from microorganisms this influence of temper- 
ature on the duration of life cannot be attributed to bacterial poisons. 

It was found, moreover, that the duration of the pupa stage is at 
each temperature proportional to the duration of the larval stage and 
that the same proportionality exists between the duration of the life 
of the insect to the larval stage, as far as our present experiments go. 
Since we know that the duration of the larval stage is determined by 
a specific hormone we are compelled to consider the possibility that the 
duration of life is also primarily determined by the formation of poison- 
ous substances or a hormone in the body. 


1 Loeb, J., Arch. ges. Physiol., Bonn, 124, 1908, (411); Mocre, A. R., Arch. Entw.-Mech., 
Leipzig, 29, 1910, (287). Fora fuller discussion of the subject see Loeb, The Organism as a 
Whole, New York, 1916. 

2 Loeb, J., and Northrop, J. H., these PRocEEDINGS, 2, 1916, (456). 

3 The experiments on the duration of life of the imago at 10° and 15° are not yet com- 
pleted. From present indications it seems that for 15° the duration of life is in the neigh- 
borhood of ninety days, which agrees with the value expected according to the theory. At 
10° the flies have been alive for ninety days and have not yet begun to die. 


THE INTERRELATION BETWEEN DIET AND BODY CONDITION 
AND THE ENERGY PRODUCTION DURING MECHANICAL 
WORK IN THE DOG 


By R. J. Anderson and Graham Lusk 


PHYSIOLOGICAL LABORATORY, CORNELL UNIVERSITY MEDICAL COLLEGE, NEW YORK CITY 
Read before the Academy, April 16, 1917 


A dog weighing 8 kgm., in poor nutritive condition, was received into 
the laboratory. His basal metabolism, as measured during a period 
of absolute rest eighteen hours after partaking of an adequate stand- 
ard diet, was 17.6 calories per hour. Traveling at the rate of 2.5 miles 
(4.0 km.) per hour he required 11.0 calories above the basal to move 
his body 1000 meters during the period beginning about eighteen hours 
after food ingestion, whereas 11.2 calories were required if 70 grams of 
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glucose had been administered immediately before the experiment 
began. These facts appear in the following table: 


The interrelation between diet and body condition and the energy production during mechanical 
work in the dog 


' ! ! 4 
8 z, Aa ae PER HOUR “ae Zon 
CONDITIONS ae ag a a a4 er 
my ee He On a, O n at erate BS) ee) 
Se Aes (ke ae ee ie Shs! Bes 
Sel eid (eo ae eam 
TDS Olde AS a a 1820) 7, 0) On 84 
Memo tod: ..).20... 0.2... 1) 823) O0L 75 OLTS 2048" 13925! | 11 0°) 0.585 
Work, glucose 70 grams........ 2) 824 63c45 100") 2-51.) 4170') 11.2.) 0.566 
PES ec yom ate od este deals AOL VA 2 10.85 
PMerieiNO O00... ees eee 4 | 9.2 | 76.8 | 0.80 | 2.95 | 4760 | 12.4 | 0.578 
Work + glucose, 70 grams..... 2 | 9.6 | 76.6 | 0.94 | 2.95 | 4750 |} 12.5 | 0.550 
Work + glucose, 100 grams.... 1 | 9.7 | 76.4 | 0.95 | 2.94 | 4740 | 12.5 | 0.550 
Rest + glucose, 70 grams...... 2 OD Sri 20 dtr O5 
Work + meat, 750 grams...... Pea’9 92.4 | 0.80 | 2.91 | 4700 | 16.0 | 0.708 
Rest + meat, 750 grams....... PONG: P29 47s Or 83 
Work + alanin, 20 grams...... 1D Ss 2.0 | 0.78 | 2.96 | 4780 | 13.6 | 0.620 
Rest + alanin, 20 grams....... 1 | 9.4 | 21.1 | 0.84 
Fasting 
Way, Sei work <8 4620. le 8.75 | 72.4 | 0.72 | 2.97 | 4800 | 11.7 | 0.569 
SCM OA e a S66 1671") 0.73 
Dee WOLKOR. Wolewe wectis 8.55 | 70.1 | 0.73 | 2.94 | 4750 | 11.4 | 0.567 
(kd aS, er See SeSoOLS:.2 Oud 
eG tel ins S10 sata Ons 
OW WOT. et eee 8. 1041570508 (20.72 (3218 1.5020.) 11.27) 0-588 
Oe geen MEME Wat Nias, 7.60 | 12.4 | 0.74 
BS WOT. viele ls niente 2 7.60 | 62.5 | 0.72 | 2.92 | 4710 | 10.6 | 0.595 
MOM ar als bese ove Maen wale ule 145} 13.0' (0.73 


In a second series of experiments begun after an interval of six weeks, 
during which time the dog had added a kilogram to his body weight, 
it was found that when he moved at the rate of 2.95 miles (4.75 km.) 
per hour 12.4 calories were required to propel his body 1000 meters if 
the dog had been given no food in the morning, and 12.5 calories were 
required when 70 or even 100 grams of glucose had been administered. 
The rise in the respiratory quotient demonstrates the influx of glucose 
molecules for use in the cells for the production of power, and yet this 
influx caused no increase whatever in the heat production. 

On the eighth day of fasting, when the body weight had fallen to 8.1 
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kgm. (the original weight of the dog), it required 11.2 calories to move 
the dog 1000 meters. On the thirteenth day of fasting, the basal heat 
production having fallen to 14.2 calories, it required 10.6 calories to 
move the dog, now weighing 7.6 kgm., a distance of 1000 meters. 

A loss of body weight of 19% accomplished through fasting was 
accompanied by a fall in the basal metabolism of 28%, and an economy 
in the fuel necessary to move the body 1000 meters amounting to 15%. 

This method of calculation, however, does not give an accurate pic- 
ture of the interrelation between the nutritive condition of the dog and 
the amount of energy of metabolism necessary to accomplish a given 
amount of mechanical work, for it is obvious that to move a body 
weight of 9.2 kgm. through 1000 meters of distance would require a 
greater amount of energy than to move a body weight of 7.6 kgm. 
over the same distance. When the computation is based upon the 
energy equivalent in kilogrammeters required to move 1 kgm. of body 
substance 1 meter through space, it is found that an average of 0.580 
kilogrammeter is required for that purpose with a maximum variation 
of 2.5% no matter what is the nutritive condition of the animal. (The 
reduction in this value after giving glucose in solution to the dog is 
dependent on the fact that the weight of the glucose solution (+280 
grams) was reckoned as part of the weight of the dog. The carrying 
of this inert mass, however, did not appreciably increase the level of 
metabolism, as has already been set forth above.) 

One may conclude, therefore, that the accomplishment of a given 
amount of mechanical work 1s always at the expense of a given amount of 
energy, and that the amount of energy required for mechanical work 1s 
independent of the physical condition of the subject and independent of 
the quantity of carbohydrate food present in the gastrointestinal tract. 

No experiments have been made after giving fat but, since the 
authorities (Zuntz, Atwater and Benedict) are agreed upon the equal 
economy of iso-dynamic values of these two classes of food substances 
in the production of a given amount of mechanical work, it may be 
assumed that ingested fat acts like carbohydrate in metabolism when 
work is performed. 

When meat is ingested the situation changes. Meat is a stimulant 
of the metabolism, as are several of its component amino-acids. The 
effect of work upon the heat production during the fifth and sixth hours 
after giving 750 grams of meat, and during the third and fourth hours 
after giving 20 grams of alanin, is summarized in the following table: 
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Chart indicating the influence of meat and of alanin upon the energy production during mechanical 


work in the dog 
Calories of 


metabolism 
per hour 
REStictem MMe ui OURST AIS a Nie cy.\et 2 is cia elcl se oie ate eels etoile: si «aisileieis cide » e's 29.7 
salle a a ane me eT BN allay amin Nada De eas sh Anil Vez 
HDCT COM ee eet OCU UL LATS HN TUE UG Wing MU ae tick ee 1225 
UOT ACA OOS TATNS ii fsa c la sie Mie aye’ saad vs callevacaita We alle alte id eit tra Mill bale 92.4 
HGR, TRO eT IL 8G SARA OIE, AS area PL ATT eer a a Pm 76.8 
IDRC RE MCE ROE Cree Monat ce me NL AGE LON Oe Mets Diy chic hs oe 15.6 
ee Bam eA POTATMIS ju cvem aes tie bs Gt Wig bisa Ca uarcua Nea Mie 3 nem a ee 2124 
LESSEE yi hap tat Si SS A ae arte UE aT 17 
[UNG STE S10 Cl PANG Sl 2 Oe Se PN RR atk noe POCA Hie a eR A eR 3.9 
Prone alanine 20 STAINS ie ee ee ee een eo ee ete eee uate ws 82.0 
eK MONT eI OMTOOCIG Mors ee etek Gry anny rm erie Aleta Die cr POTN ie lke tol eas Ue og, 76.8 
NOE REITCE ed Te ine nc giety ondat nN AN UU Wt CROMER. ey ct ateab tects waa aeiens 5r2 


It is apparent that meat acts as a stimulant to metabolism, raising 
not only the level of the basal metabolism but even increasing the 
quantity of additional energy required to move the dog, above the 
quantity to be expected were there a summation between the effect of 
protein stimulation and work to be accomplished. The same holds 
true of alanin, a simple cleavage product of meat which, in metabolism, 
is convertible into lactic or pyruvic acid, either of which may be trans- 
formed into glucose. Clear and sharp cut appears the distinction be- 
tween the behavior of glucose itself and of alanin, which is convertible 
into glucose but whose intermediary acid products constitute a direct 
stimulus to metabolism, while the metabolites of glucose do not. 

Summarizing, one may conclude: 

1. Protein in the dietary is primarily for the repair of the tissues. 
It is not beneficial for the economical performance of work. In ex- 
cess, it largely increases the heat production which a working organism 
is called on to eliminate. 

2. One may reduce the basal requirement for energy by starvation, 
and this process may economize food in the case of those who do no 
mechanical work. 

3. To accomplish a given amount of work a given amount of fuel 
energy is required, irrespective of the nutritive condition of the organ- 
ism. This is of primary importance in the maintenance of armies or 
munition workers. Carbohydrate food fuel is utilized without loss. 

4. Upon the capacity for heroism in the farmer will depend in the 
immediate future the security of the world. 
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REPORT OF THE ANNUAL MEETING 
Prepared by the Home Secretary 


The annual meeting of the Academy was held at the Smithsonian Insti- 
tution in Washington, April 16, 17, and 18, 1917. 

Seventy-three members were present as follows: Messrs. C. G. Abbot, 
Abel, Barnard, Becker, Bogert, Cannon, Cattell, Chittenden, W. B. Clark, 
F. W. Clarke, J. M. Clarke, Conklin, Coulter, Crew, Cross, Dall, Dana, 
Davenport, Davis, Day, Dewey, Donaldson, Fewkes, Flexner, Frost, Gom- 
berg, Hague, Hale, E. H. Hall, Harper, Hayford, Hillebrand, Holmes, 
Howard, Howell, Iddings, Jennings, Lillie, Loeb, Lusk, Mall, Meltzer, 
Merriam, Merritt, Michelson, Millikan, Moore, Morley, E. L. Nichols, E. 
F. Nichols, A. A. Noyes, W. A. Noyes, H. F. Osborn, Pearl, Pickering, 
Pupin, Ransome, Remsen, Rosa, Schlesinger, Scott, Erwin F. Smith, Stieg- 
litz, Van Vleck, Vaughan; Walcott, Webster, Welch, Wheeler, D. White, 
H. S. White, Wilson, R. W. Wood. 


BUSINESS SESSIONS 


The President announced the death since the Autumn Meeting of one for- 
eign Associate: GASTON DARBOUX. 

REPORTS FROM OFFICERS OF THE ACADEMY 

The annual report of the President to Congress for 1916 was presented 
and distributed. 

The President announced the appointment of the Local Committee as 
follows: CHARLES G. ABBOT, Chairman; WuHiTMAN Cross, WILLIAM H. 
Dati, WILLIAM F. HILLEBRAND, CHARLES D. WALCOTT. 

A Finance Committee for the PROCEEDINGS was also appointed, as follows: 
C. B. DAVENPORT, Chairman; M. T. Bocrert, W. B. Crark, F. R. LILiie, 
RAYMOND PEARL. 

Other committee appointments, with date of expiration were as follows: 

Program: C. G. ABBot, Chairman, 1920; Raymond PEARL, 1920. 

Henry Draper Fund: A. A. MICHELSON, to succeed himself, 1920. 

J. Lawrence Smith Fund: Wuitman Cross, 1922. 

Comstock Fund: A. G. WEBSTER, to succeed himself, 1920. 

Marsh Fund: E.'S. DANA, to succeed himself, 1920. 

Murray Fund: G. H. PARKER, to succeed himself, 1920. 

Marcellus Hartley Fund: THEOBALD SmiTH and A. G. WEBSTER, to suc- 
ceed themselves, 1920. 

On Publication: E. B. Rosa. 

The Home Secretary presented the following communication from Mr. 
Edwin B. Frost, resigning as a member of the Trustees of the Watson Fund: 
Dear Mr. Day: April 12, 1917. 

Please present to the Council my resignation as a member of the Trustees of the Watson 
Fund. It is necessary for me to give up further service on this committee, but Iam willing 


to continue as Chairman of the Bache Committee for another year. 
Very truly yours, EpwIn B. Frost. 
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The resignation of Mr. Frost was accepted and Mr. A. O. LEUSCHNER was 
elected a member of the Trustees of the Watson Fund. 

Mr. WILLIAM TRELEASE was appointed to represent the Academy at the 
inauguration of Walter Albert Jessup, as President of Iowa State University. 

The report of the Home Secretary was presented as follows: 


The President of the National Academy of Sciences. 

Str: I have the honor to present the following report on-the publications and member- 
ship of the National Academy of Sciences for the year ending April 18, 1917. 

The following publications have been issued and distributed: the Memoirs of the National 
Academy of Sciences, Volume 14, Memoir 1, entitled ‘Report on Researches on the Chemical 
and Mineralogical Composition of Meteorites, with Especial Reference to Their Minor 
Constituents,” by George Perkins Merrill; Biographical Memoirs of Edward Singleton 
Holden, by W. W. Campbell; Theodore Nicholas Gill, by William Healey Dall; George 
William Hill, by Ernest W. Brown; and Alfred Marshall Mayer, by Alfred G. Mayer and 
Robert S. Woodward; also the Annual Report for 1915. 

Two members have died since the last annual meeting: Cleveland Abbe, elected in 1879, 
died October 28, 1916; and Josiah Royce, elected in 1906, died September 14, 1916. .Two 
foreign associates have also died: Sir William Ramsey, elected 1904, died July 24, 1916; and 
Gaston Darboux, elected in 1913, died March, 1917. There are 147 active members on the 
membership list, one honorary member and 37 foreign associates. 

(Signed) ARTHUR L. Day, Home Secretary. 


The report of the Foreign Secretary was presented as follows: 


On April 6, 1917, a cablegram was prepared by the Foreign Secretary of the Academy, 
with the approval of the five members of the Council: 

“The entrance of the United States into the war unites our men of science with yours 
in a common cause. The National Academy of Sciences, acting through the National Re- 
search Council, which has been designated by President Wilson and the Council of National 
Defense to mobilize the research facilities of the country, would gladly co-operate in any scien- 
tific researches still underlying the solution of military or industrial problems. 

HALE, Foreign Secretary. 


The cablegram was sent to the Royal Society, London, England; to the Académie des 
Sciences, Paris, France; to the Accademia dei Lincei, Rome, Italy; and to the Académie des 
Sciences, Petrograd, Russia. (Signed) GrEorGE E. HALE, Foreign Secretary. 


The report of the Treasurer was presented in its printed form and approved: 
REPORTS FROM COMMITTEES ON TRUST FUNDS 


A report was received from the Directors of the Bache Fund, signed by 
Edwin B. Frost (Chairman), stating that since the annual meeting of the 
Academy in April, 1916, grants Nos. 196-201 (as announced in the Pro- 
CEEDINGS, vol. 2, p. 743) and Nos. 202-204 (as announced below, p. 398) had 
been made; and that reports on previous grants had been received as follows: 


No. 186, J. Votre, Royal Observatory, Cape of Good Hope. From a letter dated 
January 15, 1915, it appears that about 13,000 transits had then been observed for the 
purpose of determining stellar parallaxes. From a letter dated July 22, 1916: ‘The 
parallax work on the transit circle is nearly finished, but I have started a small series of about 
125 stars on the astrographic refractor.” 

No. 187, H. H. LANE, University of Oklahoma. Preliminary report on ‘The Structure 
and Function in the Development of the Special Senses in Mammals,” Science, New York, 
N. S., 43, 1916, (179). 
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No. 188 and 196, H. W. Norris, Grinnell College. Research nearly ready for publica- 
tion. Preliminary results on the cranial nerve of coecilians published in Science, New York, 
43, 1916, (182). 

No. 189, E. J. WERBER, Yale University. Experiments aiming at the origin of monsters. 
The greater part of the results are published in J. Exp. Zoil., Philadelphia, 21, Nos. 3 
and 4, 1916. Record of award closed. 

No. 190, H. S. JENNINGS, Johns Hopkins University. or research in variation, heredity 
and evolution. Preliminary result published in Genetics, Cambridge, 1, 1916, (407-534). 

No. 184 and 191, P. W. Bripcman, Harvard University. To assist in the study of the effect 
of high pressures on the electrical resistance of metals. The results have been published in 
these PROCEEDINGS, 3, 1917, (10-12); Boston, Proc. Amer. Acad. Aris, Sct., 52, 1917, (571- 
646); and in a theoretical article soon to appear in the Physical Review. Record of award 
closed. 

Na. 192, J. P. Ippincs, Brinklow, Md. For a microscopic study of volcanic rocks from the 
Dutch Indies, French Oceania and the Philippines. Preliminary resuJts are published in 
these PROCEEDINGS, 2, 1916, (531). Research being continued under Grant 203. 

No. 194, RecinaLp A. Daty, Harvard University. For the construction of a deep sea 
thermograph. The vital part of the instrument is practically ready for testing, and it is 
hoped that the whole will be ready for work by May 1. The clock-work has been tested 
and shows capacity for taking 250 readings with one cast of the machine overboard. The 
manuscript descriptive of the instrument, by Dr. Harry Clark, the expert designer, to be 
illustrated with several] full-page plates, is nearly completed. The necessary expenditure 
has considerably exceeded the appropriation. 

No. 195, R. W. HEGNER, University of Michigan. To assist a research of ‘Differential 
Mitoses in the Germ Cell Cycle of Dineutes Nigrior.”” Preliminary publication in these PRro- 
CEEDINGS, 2, 1916, (356-360). 

No. 197, Grecory P. Baxter, Harvard University. “The Preparation of Pure Anhydrous 
Zinc Chloride and its Analysis by Electrolysis’? are under way and will probably be com- 
pleted before the end of the college year. 

No. 198, Louis T. More, University of Cincinnati. Preliminary results are published 
in the Physical Review, Ithaca, Ser. 2, 9, 1917, (198-204), by J. S. Allen and L. M. 
Alexander, ‘‘On the Effect of Previous Filtering upon the Absorption of High Frequency 
X-Rays.” The research continues. 

No. 199, FRANKLIN P. REAGAN, Princeton University. The partial results are published 
in the Anatomical Record, Feb., 1917, under the title “‘ Anterior Haematopoedis in Teleost 
Embryos Under Continual Observation,” by F. P. Reagan, E. E. MacMorland, and Stuart 
Mudd. 


During the year the Directors unanimously voted to cancel the rule hereto- 
fore effective for grants from the Bache Fund, which stated “ No appropriation 
will be made to assist any investigation begun or conducted under any national 
or state government, either wholly or in part.”’ The cash income balance of 
the fund on April 2, 1917, was $846.30; but there are outstanding grants, 
not yet paid, amounting to $2050. On three of these grants, amounting to 
$1600, the recipients of which live in foreign countries, it seems to be impos- 
sible to make payments until the end of the war. 

A report was received from the Trustees of the Watson Fund, signed by Ed- 
win B. Frost (Chairman), W. L. Elkins, and G. C. Comstock stating that 
grants Nos. 13-14 (as announced below, p. 398) were recommended, and that 
the available income of the Watson Fund in April 1, 1917, was $1213.65. 
Reports on previous grants were as follows: 
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No. 13, Joon A. Mitter, Sproul Observatory, Swarthmore College. For measuring 
plates to determine stellar parallaxes, The money has been paid to an assistant, Miss Marie 
S. Bender, who has given all her energy to the measurement, and reduction of plates for de- 
termining parallaxes. She has measured 130 plates of 24 different series, and has computed 
the orientation factor and oriented 122 plates and has discussed eight different series by means 
of graphs. The continuance of the grant is requested. 

No. 11, Jonn E. Me tise. To undertake observations at the Yerkes Observatory. 
Used in 1915-16. Record of award closed. 

No. 12, HERBERT C. Witson, Carleton College, Northfield, Minn. For measuring 
the positions of asteroids on photographic plates. From a letter dated April 7, 1917: ““We 
have measured all of our asteroid plates up to the beginning of this year, and all have been 
reduced. We are now going over the reductions thoroughly, checking them. . . . It 
will be a couple of months yet before we can get the matter ready for the press.” 


A report was received from the Committee on the Henry Draper Fund, 
signed by W. W. Campbell (Chairman), as follows: 


The Committee recommends that a grant of $300 be made to Prof. Joel Stebbins, Director 
of the Observatory of the University of [Jlinois, in support of his investigations with sensitive 
photometers particularly the photo-electric cell photometer; the grant to be available 
on or before September 1, 1917. It is understood that this grant will be supplemented by 
the appropriation of a sum two or three times as great to be made by the University of Illinois, 
and that the total sum will constitute the salary of a research assistant for Professor Steb- 
bins during the academic year 1917-18. It is expected that all of the assistant’s time in the 
first year will be available for the researches in photometry and that after the first year 
the University authorities will assume the full responsibility for the assistant’s salary. Pro- 
fessor Stebbins reports that improvements have been made in his photo-electric photometer. 
““A new quartz cell as compared with the cell used at Mount Hamilton (1915) gives twice 
the light effect, with the dark current five times smaller. It is therefore conservative to say 
that the sensibility has been doubled since 1915.” 


A report was received from the Committee on the J. Lawrence Smith Fund, 
signed by E. W. Morley (Chairman), stating that the income now available 
for grants is $677.13, and containing the following reports on previous grants: 


No. 3, E. O. Hovey, Curator in geology and paleontology, American Museum of Natural 
History, New York. For the study of certain meteorites. Dr. Hovey has been for some years 
out of the country and has not been reached by ‘letters. He has suggested the repayment 
of the amount of this grant. 

No. 4, C. C. TRowBripGE, Department of Physics, Columbia University, New York. 
To aid in study of luminous trains of meteors. During the last year good progress has been 
made in collecting photographs of drawings of meteor trains. One interesting result obtained 
is that the height of the zone of Juminous trains agrees with the heights obtained in recent 
investigations on the auroral zone and is suggestive. 

No. 6, S. A. MitcHet1, University of Virginia. To aid in securing observations of paths 
and radiants of meteors and in computing orbits where observations are sufficient. Good 
progress has been made in the work; and the committee are unanimous in recommending a 
further grant of $400. 

Nos. 5 and 7, GEorcE P. MERRILL, of the U.S. National Museum. To aid in further studies 
of the occurrence of certain elements in meteorites. Upon the work for which he received 
grant No. 5 his final report has been made. This work is in progress. 


A report was received from the Directors of the Wolcott Gibbs Fund, 
signed by C. L. Jackson (Chairman), Edgar F. Smith, and T. W. Richards, 
stating that the accumulated income of the Fund amounted to $356.11 on March 
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1, 1917, and that grants Nos. 7-8 (as announced below, p. 398) had been made. 
Reports from holders of previous grants are as follows: 

Nos. 1 and 5, Mary E. Hotmes, Mt. Holyoke College. Her paper on the electrical 
deposition of copper is nearly ready for publication, and she has studied the electrical separa- 
tion of cadmium from eight other metals. 

No. 3, W. J. Hate, University of Michigan. Results published in a paper on “The for- 
mation of Cyclopentadienodihydropyridazines,”’ J. Amer. Chem. Soc., 1916, (2537-2545). 
Record of award closed. 

No. 4, W. D. Harkins, University of Chicago. Three papers are submitted: a. ‘The 
Free Energy of Dilution and the Freezing-Point Lowerings in Solutions of Some Salts of 
Various Types of Ionization and of Salt Mixtures.” Harkins and R. E. Hall, J. Amer. Chem. 
Soc., 38, (2658-2676). 6. “The Freezing-Point Lowerings in Aqueous Solutions of Salts 
and Mixtures of Salts and of a Salt with a Non-electrolyte.” Harkins and W. A. Roberts, 
Ibid., (2676-2679). c. “Studies on the Cobalt-ammines. I. Various Ionization Types as 
determined by the Freezing-Point Lowerings in Aqueous Solution, Together with Conductance 
Measurements.”’ Harkins, Hall and Roberts, [bid., (2643-2568). 

No. 6.G. P. BAXTER, Harvard University. Studies, soon to be completed, on: a. Sources 
of error in the electrolytic determination of the atomic weight of cadmium, and analysis of 
cadmic sulphate. 6. Gaseous impurities of silver and iodine. c. Relation between arsenious 
trioxide and iodine. 


A report was received from the Committee on the Murray Fund, signed by 
W. H. Dall, stating that there was a cash income balance of $274.97-and that 
owing to conditions in Europe and the North Atlantic there was no recom- 
mendation and no report of progress to be made. 

A report was received from the Committee on Biographical Memoirs, 
signed by C. B. Davenport, G. C. Comstock, A. G. Mayer, and A. L. Day, 
stating that each biographer had been circularized concerning the progress 
of the memoir in his charge. The biography of William Stimpson by A. G. 
Mayer is completed and that of F. A. P. Barnard is nearly ready. Biogra- 
phies of all members who died more than fifteen years ago are thus accounted 
for. A circular letter was sent to all members of the Academy suggesting 
that each prepare at the end of each year an autobiographical record for the 
preceding year; a number of members have utilized this suggestion; and some 
have deposited biographical materia] with the Committee. 


GENERAL BUSINESS 


The Council reported the acceptance for the Academy of the gift of $8,000 
made to the National Academy of Sciences by Miss Margaret Henderson 
Elliot in pursuance of her desire to carry out a testamentary provision in the 
will of her father, Daniel Giraud Elliot, which would have been operative 
under circumstances stated in the will and applied in accordance with the terms 
of the legacy as fully set forth in the will whereby a medal, to be known as 
the Daniel Giraud Elliot gold medal, together with an accompanying diploma 
and an unexpended balance of income for the year was to be awarded annually 
_ to the author of such paper, essay or other work upon some branch of zoology 
or paleontology published during the year as in the opinion of the judges, 
who shall be Henry Fairfield Osborn of New York, the Scientific Director 
of the American Museum of Natural History, and the Secretary of the Smith- 
sonian Institution, shall be the most meritorious and worthy of honor. 
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Mr. William H. Welch presented the following letter, resigning the presi- 
dency of the Academy to take effect with the close of the present meeting, 
which was accepted with great regret: 


National Academy of Sciences, April 16, 1917. 
To the Members of the National Academy of Sciences. 

GENTLEMEN: In accordance with the intention which I announced at our semi-annual 
meeting last November, I hereby tender my resignation of the office of President of the Acad- 
emy to take effect at the close of the present annual meeting. 

It is mainly the assumption of new and exacting duties and responsibilities connected 
with the organization and development of the School of Hygiene and Public Health recently 
established at the Johns Hopkins University which leads me to withdraw from a position 
which should receive much of the time and thought and energy of the incumbent. 

It is a source of gratification that the Academy, while retaining its distinguished position 
as representative of those most eminent for their contributions to science in America, has 
widened in recent years its fields of activities and thereby become more useful and signifi- 
cant in the advancement of science in our country. It is to be hoped and expected that the 
Academy in its activities, influence and membership will be still further broadened and become 
increasingly serviceable and important in the promotion of knowledge and of the welfare 
of the nation. 

I wish to renew the expression of my profound appreciation of the very high honor 
which was conferred upon me four years ago by election to the presidency of the Academy, 
as well as my appreciation of the continued loyalty and support and kindness of the members. 
I desire likewise to record my gratitude and indebtedness for the unfailing aid of the officers 
of the Academy, and especially of the Home Secretary and the Foreign Secretary, who have 
really carried the burden of the conduct of affairs. Faithfully yours, 

WILLIAM H. WELCH. 


The invitation of the Provost and Trustees of the University of Pennsyl- 
vania, to hold the Autumn Meeting in Philadelphia, was accepted. 
The following resolutions were adopted: 


WHEREAS, there is a great shortage in the supplies of platinum available for scientific 
and industrial purposes, and 

WHEREAS, the shortage is in very great measure due to the extensive use of platinum for 
jewelry and other articles of luxury, therefore be it 

Resolved, that the National Academy of Sciences, in this critical situation where all the 
resources of the Nation should be put to the use of those immediately active in the construc- 
tive, productive and defensive work of the country, appeal to the women and the men of Amer- 
ica to refuse to purchase or accept as gifts jewelry and other articles made in whole or in part 
of platinum and thus to allow all the available supplies of the metal to be used where they can 
do the greatest good. 


The Foreign Secretary presented the following communication from the 
Académie des Sciences at Paris received through the Ambassador from France 
to the United States: 


AMBASSADE 
DE LA REPUBLIQUE FRANCAISE Washington le April 16, 1917. 
AUX ETATS-UNIS 
My DEAR Mr. SECRETARY: 
I am informed by my Government that our ‘‘ Académie des Sciences” has received, from 
“the National Academy of Sciences,” a friendly telegram by which they have been deeply 
touched. 
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I am instructed to forward to you their answer, the text of which is here enclosed. 
I have the honor to be, dear Mr. Secretary, 


Sincerely yours, JUSSERAND. — 
Mr. Hale, (Signed) 
Foreign Secretary 
National Academy of Sciences, 
Washington, D. C. 
National Academy of Sciences, Washington, D.C. Paris, 13 avril, 1917. 


L’Académie des Sciences de l'Institut de France est heureuse de saluer laide que votre 
noble pays apporte au nétre, et a ses alliés dans leur lutte pour le droit et la liberté. 

Elle vous remercie de votre offre, et sera heureuse de collaborer avec l’Académie Nationale 
des Sciences pour la solution des problémes scientifiques interessant la defense nationale 
et l’industrie. A. LAcrorIx, 

EMILE PICARD, 
Secrétaires Per pétuels. 


The Foreign Secretary presented the following communication from the 
Royal Society, London, received through the Ambassador from Great Britain 
to the United States. 


Dr. GEorRGE E. Hate, Washington, D. C. 

The Royal Society heartily welcomes the offer of the National Academy to co-operate 
in scientific researches connected with the war, and will communciate by letter proposals 
for carrying this into effect. THomson, President. 


ELECTION OF OFFICERS AND MEMBERS 


President.—Mr. CHARLES DOOLITTLE WALCOTT was unanimously elected 
President for a term of six years to expire in 1923. | 

Vice-President—Mr. A. A. MICHELSON was unanimously elected Vice- 
President for a term of six years to expire in 1923. 

Treasurer.—Mr. WHITMAN Cross was unanimously elected to succeed 
himself for a term of six years to expire in 1923. 

Two Members of the Council—Mr. A. A. Noyes and Mr. E. G. ConKiin 
were elected to succeed themselves for terms of three years each to expire in 
1920. 

The following persons were elected as new members of the Academy. 


HARVEY CUSHING, Surgeon, Harvard University, Cambridge, Mass. 

ROBERT RmwcGway, Ornithologist, United States National Museum, Washington, D. C. 

WILLIS RoDNEY WHITNEY, Chemist, Genera] Electric Company, Schenectady, N. Y. 

LIBERTY HypE BAILey, Horticulturalist, Cornell University, Ithaca, N. Y. 

Joun J. Carty, Electrica] Engineer, American Telegraph and Telephone Company, 
New York, N. Y. 

WALTER SYDNEY ADAms, Astronomer, Mount Wilson Solar Observatory of Carnegie 
Institution, Pasadena, Cal. 

Henry Marion Howe, Metallurgist, Professor Emeritus, Columbia University, 
New York, N. Y. 

Epwarp Kasner, Mathematician, Columbia University, New York, N. Y. 

WALLACE C. SABINE, Physicist, Harvard University, Cambridge Mass. 

EDWARD Oscar ULRIcH, Paleontologist, U. S. Geological Survey, Washington, D.C. 

WILLIAM FREDERICK DuRAND, Mechanical Engineer, Leland Stanford Junior Uni- 
versity, Stanford University, Cal. 
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SAMUEL WESLEY STRATTON, Physicist, Bureau of Standards, Washington, D. C. 
THEODORE Lyman, Physicist, Harvard University, Cambridge, Mass. 

Epwarp LEE THORNDIKE, Psychologist, Columbia University, New York, N. Y. 
WILLIAM STEWART HALSTED, Surgeon, Johns Hopkins Medical School, Baltimore, Md. 


SCIENTIFIC SESSIONS 


Two public lectures on the WILLIAM ELLERY HALE Foundation were 
given on April 16 and 18 by EDwiIn Grant CONKLIN, of Princeton University, 
on Methods and Causes of Organic Evolution. 

Four public scientific sessions were held on April 16 and 17 at which the 
following papers were presented: 


J. P. Ippincs and E. W. Mortry: Report of progress in the study of igneous rocks from 
the East Indies and Islands of the South Pacific. 

W.M. Davis: The Great Barrier Reef of Queensland, Australia (illustrated). 

CHARLES D. WatcoTT: Searching for a doubtful geological zone in the Canadian Rockies 
(illustrated). 

ARTHUR L. Day: The réle of the gases in volcanic activity (illustrated). 

W. A. Noves: A kinetic hypothesis to explain the function of electrons in the chemical 
combination of atoms. 

A. A. MicHELSON (Draper Medalist, 1917): Some recent work in physics. 

W.B. CANNON: Some considerations regarding the nature of thirst. 

Erwin F. Smita: On Resemblances of Crown Gall to Cancer: A synopsis of work done 
in the United States Department of Agriculture. 

R. J. ANDERSON and GraHAm Lusk: The influence of diet upon the heat production 
during mechanical work in the dog. 

Jacques LorsB and J. H. NortHRop: What determines the natural] duration of life? 

A. G. MAYER: Biographical memoir of William Stimpson. (By title.) 

BENJAMIN Boss: Biographical Memoir of Lewis Boss. (By title.) 

SIMON FLEXNER: Mechanisms that defend the body from poliomyelitic infection, (a) 
external or extranervous, (b) internal or nervous. 

T. S. GiTHENS and S. J. MELTzER: The difference in the action of antipyretics accord- 
ing to the species of animals subjected to this action, the state of health of the animals, 
the height of their normal temperature and the substance employed. 

CHARLES B. DAVENPORT: Heredity and juvenile promise of eminent naval men. 

HENRY FAIRFIELD OsBoRN: The causes of the evolution of proportions by mammals. 

W. V. Kine (introduced by L. O. Howard): Sporogony of malaria parasites. Photo- 
micrographs of infected anopheles. 

FRANK R. LitiieE: Sex-determination and sex-differentiation in mammals. 

HERBERT J. SPINDEN (introduced by W. H. Holmes): Economic contributions of an- 
cient America. 

SYLVANUS G. Mor ey (introduced by J. W. Fewkes): The Naya hieroglyphic writing. 

E, E. BARNARD: The star in Ophiuchus with great proper motion, total lunar eclipse 
of January 7, 1917; measures of the position of the nucleus of the great nebula of Andromeda 
(illustrated). 

EpwIN B. Frost: Recent remarkable changes in a nebula (illustrated). 

THE WorK OF THE NATIONAL RESEARCH CoUNCIL, by GEorGE E. Hatz, Chairman, 
National Research Council; CHarLtes D. Watcortt, Chairman, Military Committee; ROBERT 
ANDREWS MILLIKAN, Chairman, Physics Committee; Marston Taytor BocErt, Chair- 
man, Chemistry Committee; VicToR CLARENCE VAUGHAN, Chairman, Committee on Medi- 
cine and Hygiene; followed by Discussion. 
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AWARD OF MEDALS 


The following medals were awarded at the annual dinner on the evening of 
April 17, 1917, at the Raleigh Hotel: 
The Henry Draper Medal, to A. A. Michelson of the University of Chicago 


for his numerous and important contributions to spectroscopy and astronom- 


ica] physics. 

The Medal for Eminence in the Application of Science to the Public Welfare, 
to Samuel Wesley Stratton for his services in introducing standards into the 
practice of technologists in the United States. 


RESEARCH GRANTS FROM THE TRUST FUNDS 
OF THE ACADEMY 


During the twelve months preceding the Annual Meeting of the Academy 
the following grants for the promotion of research, in addition to those 
listed in these PROCEEDINGS, 2, 743, were made from the Trust funds of the 
Academy. 

GRANTS FROM THE BACHE FUND 


No. 202, W. C. ALLEE, Lake Forest College, Ill., $415. For an investigation of a possible 
correlation between the rate of carbon dioxide production and reversal in light reaction 
of certain Arthropods, especially May-fly nymphs. 

No. 203, JosepH P. Ippr1ncs, Brinklow, Md., $500. For a continuance of the micro- 
scopical and chemical investigation of rocks collected by Mr. Iddings in Japan, Philippine 
Islands, Java, Borneo, Celebes, Sumatra, New Zealand, Tahiti, and the Leeward Islands, 
and the Marquesas. ‘ 

No. 204, Irnvinc W. BatEy, Bussey Institution, Harvard University, $300. To secure 
field data in regard to the effects of various tropical environments upon the growth forms 
of the Angiosperms and to secure material for a study of the effects of these environments 
upon the anatomical structure of the Angiosperms. (Expedition to Guatemala has been 
delayed.) 

GRANTS FROM THE WATSON FUND 


No. 14, Joun A. MILLER, Sproul Observatory, Swarthmore College, $500. To measure 
plates for determining stellar parallaxes. (Supplementary to Grant No. 13.) 

No. 15, HERBERT C. WiLson, Goodsell Observatory, $325. To determine the position 
and brightness of asteroids (chiefly those discovered by Watson) by the photographic method, 
together with a study of the brightness of some variable stars. ‘ 


GRANTS FROM THE WOLCOTT GIBBS FUND 


No. 7, W. D. Harkins, University of Chicago, $200. For the purchase of an air-pump 
which wil] be of use in five researches either now in progress or to be undertaken in the near 
future. 

No. 8, H. L. Datta, Presidency College, Calcutta, India, £25. To provide organic sub- 
stances for his researches of chlorination. 


GRANT FROM THE J. LAWRENCE SMITH FUND 


No. 8, S. A. MrItcHELL, University of Virginia, $400. To continue his researches on 
the paths, radiants, and orbits of meteors. (Supplementary to Grant No. 6.) 
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THE STARK EFFECT IN HELIUM AND NEON 
By Harry Nyquist 


SLOANE LABORATORY, YALE UNIVERSITY 
Communicated by H. A. Bumstead, April 20, 1917 


Stark!and Koch? have studied the effect of an electric field on the spec- 
tral lines of helium by a method which was designed by Stark. Bru- 
netti? and Evans and Croxson‘ nave studied the effect in the same sub- 
stance by a method devised by Lo Surdo.® The results obtained by the 
two methods agree in the main, but hitherto the method of Stark has 
proved capable of greater refinement than that of Lo Surdo. 

In the present investigation a method has been employed which is 
essentially a modification of Lo Surdo’s but avoids the greatest disad- 
vantages of that method. Lo Surdo’s discharge tube is about 3mm. in 
diameter and has a cylindrical cathode nearly filling it. The positive 
rays in the space before the cathode are in a strong field and are suit- 
able for the study of the effect. The disadvantages of the method are, 
first, that the walls of the tube are quickly covered with a metallic film 
due to sputtering and, second, the tube breaks easily on account of the 
heating. In the present apparatus these difficulties are overcome by 
having within the discharge tube proper an inner tube made of aluminum 
through which the discharge takes place, and which has a slit through 
which the light passes. Opposite this slit there is a side tube having a 
window at its end. The aluminum is not seriously affected by the 
heat and the trouble from sputtering is eliminated. 

The optical apparatus consists of a six prism spectrograph and a 
double image prism so arranged that photographs of the parallel and 
perpendicular components of the lines can be obtained simultaneously. 

The source of current is a 13,200 volt transformer, the current from 
which is rectified by two kenotrons and a suitable arrangement of con-' 
densers and inductances. 
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The following is a brief summary of the results obtained in helium and 
neon: 
1. The equation connecting the displacement of a component and the 
electric field is of the form 
j= a+ bE 


where a differs from 0 for many components. 

2. When a = 0, bis positive. Only two exceptions have been found 
to this rule, viz., He 4686 and He 3965. 

3. There are simple numerical relations connecting the values of a 
for the different components of a given line. Such numerical relations 
exist to a less degree between the values of 0. 

4. The effect in the line He 4686 agrees qualitatively with that pre- 
dicted by Evans and Croxson on Epstein’s theory. The numerical 
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value of the ratio of the distance between the outer components of Hs; 


instead of ae 
32 — 2? 42 — 32 


to that of He 4686, however, was found to be 


as predicted by them. 

5. Two new lines of the same type as those discovered by Koch were 
observed in helium. In neon, 34 such lines were observed. 

6. In the accompanying figure are shown some illustrations of the 
lines as they occur on the photographic plate. In these drawings the 
wave-length increases from left to right. The upper part of the illus- 
trations shows the line as it appears when the field is zero, the lower part 
shows the effect of the field. 

In the modified discharge tube used, the maximum value of the field 
occurs some distance above the cathode, instead of in its immediate 
vicinity. This causes the displaced lines to have the form shown in- 
stead of the simple Y shape given by Lo Surdo’s tube. 
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The pair of symmetrical components illustrated at (a) is typical of 
the Balmer series of hydrogen. The separation of such components 
has been taken as a measure of the field, the constant obtained by 
Stark being used in each case to calculate the field intensity. The form 
illustrated in (b)is typical of lines which show no appreciable Stark effect. 
While it is distinctly broadened in its lower portion, there is no doubt 
that the greater part of that broadening is due to increased intensity 
in the stronger field. The illustration (c) represents those components 
of He 4388 whose electric vector 1s perpendicular to the field. It shows, 
in order from left to right, two components having a< 0 and 6 < 0, one 
component having a<Q and b = 0, one having a<Oand 0>0, and fin- 
ally, two having a = 0 and 6>0. The line sketched at (d) is He 4922. 
The type (e) is very common in neon as is also type (f). A few lines in 
neon are of the general type illustrated at (g). At (%) is shown the ap- 
pearance of a typical new line. It is very broad and intense in the 
field but does not exist where the field is zero, or at least is so faint 
that it produces no effect on the photographic plate. 

A detailed statement of the results together with a full description 
of the apparatus and method will be published shortly. 


‘Stark, J., Elektrische Spektralanalyse chemischer Atome, Hirzel, Leipzig, 1914; Ann. 
Physik, Leipzig, 48, 1915, (193). 

2Koch, J., Ann. Physik, Leipzig, 48, 1915, (98), Cf. J. Stark, Elektrische Spektralanalyse 
chemischer Atome, 73. 

3Brunetti, R., Nuovo Cimento, Pisa, 10, 1915, (34). 

‘Evans, E. J., and Croxson, C., Phil. Mag., London, 32, 1916, (327). 

®Lo Surdo, A., Roma Atti Acc. Nuovi Lincei, 22, 1913, (664); 23, 1914, (82); Physik. 
Zs., Leipzig, 15, 1914, (122). 


NEW ANALYSES OF ECHINODERMS 
By F. W. Clarke and R. M. Kamm 


UNITED STATES GEOLOGICAL SURVEY, WASHINGTON! 
Communicated April 18, 1917 


In a recent publication of the United States Geological Survey? Clarke 
and Wheeler have reported 250 analyses of the shells and skeletons of 
marine invertebrates; analyses which were made in order to determine 
what each class of organisms contributes to the formation of marine 
limestones. In that investigation the echinoderms and alcyonarians 
were peculiarly interesting, not only because they were notably magne- 
sian, but also because the proportion of magnesia in them was found to 
be related to temperature. The warm water forms were all relatively 
rich in magnesium carbonate, while the cold water forms were much 
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poorer. In specimens from high latitudes or from very deep water the 
proportion of magnesium carbonate ranged from 7 to 10%, while those 
from tropical waters contained from 11 to over 14%. Intermediate 
conditions of environment gave intermediate values. 

This strange relation between composition and temperature naturally 
suggested to us the desirability of comparing a series of echinoderms 
from one definite locality; and an opportunity to do so fortunately pre- 
sented itself. An expedition sent by the Carnegie Institution of Wash- 
ington, to the island of Tobago in the British West Indies, made a large 
collection of Just such material as we needed; and Dr. Hubert Lyman 
Clark, who had charge of the echinoderms, kindly furnished us with 
specimens. All of them were collected at Pigeon Point, in shallow water 
along shore, and at a temperature of about 28°C. That is, all the speci- 
mens came from exactly the same environment, and were, therefore, 
for our purpose, strictly comparable. The list of them is as follows: 

1. Mellita sexiesperforatus, Leske. A sea urchin. Adult. 

2. Echinometra lucunter, Linné. A sea urchin. Half grown. 

3. Tropiometra carinata, Lamarck. A crinoid. Adult. 

4. Asterina minutia, Gray. A starfish. Large adult. Weight 0.1009 
gramme. | 

5. Linckia guildingu, Gray. <A starfish. Young. 

6. Ophiocoma pumila, Lutken. A brittle star. Adult. 

7. Ophiomyxa flaccida, Say. <A brittle star. Half grown. 

8. Ophiomyxa flaccida. Adult. 

The analyses, reduced to uniformity by rejection of organic matter 
and water, and recalculation to 100%, are as follows and represent inor- 
ganic skeletal matter only. 


1 2 3 4 5 6 7 8 
SiOs eae 0.15 0.13 | 0.54 } 0.70 0.24 Guay 0.66 0.16 
(Al,Fe)203....| 0.39 0.37 | 0.51 0.26 0.85 0.70 
MeCOn (os on elt ol tl 5643.74 12.53 | 14.31 12.97. | 14.951) 14056 
CaGOgh ee 85.02 | 83.87 | 83.13 86.77 | 83.42 84.44 | 79.37 | 81.02 
CazP.Og...... trace 1.85 | 0.64 trace trace 0.14 trace trace 


CasOnownn 2 ROS 2.22 | 1.44 iy ori 1.98 4.17 3.56 


100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 


In these analyses the silica and the sesquioxides are doubtless impuri- 
ties, due to adherent sand or mud from which the specimens could not 
be wholly freed. Analysis-4, of Asterina, is incomplete; for the amount 
of material, only 0.1009 gram, was insufficient for thorough work. 
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In such a small specimen the unavoidable errors of manipulation be- 
come serious, for the reason that they are magnified in the calculations. 
In this instance even so small an error in weighing as 0.1 mgm. would 
amount to 0.3 of 1% in the final statement. The material for analysis 
6 was also hardly adequate. These two analyses, however, are not 
worthless, for they show the high percentage of magnesium carbonate 
which characterizes the organisms from tropical waters; and so too do 
the others. 

The two analyses of sea urchins show less magnesium carbonate than 
was found in the other echinoderms, and so help to confirm our suspicion 
that as a group these animals are poorer in magnesia than either the 
crinoids, the starfishes, or the brittle stars. In the previously published 
analyses of crinoid skeletons, the highest proportion of magnesium car- 
bonate found was 13.37%, in a specimen from the Aru Islands. The 
one from Tobago is notably richer. As for the starfishes and brittle 
stars the maximum figure previously found for magnesium carbonate 
was 14.08% in a specimen from Culebra; a quantity which is exceeded 
by three analyses in our new series. 

The relation between magnesium carbonate and temperature is strik- 
ingly illustrated by four new analyses of starfishes, which we append 
here for comparison with the Tobago series. They are as follows: 

1. Pontaster tenuispinus, Verrill. Albatross Station No. 2095, between 
Cape Hatteras and Nantucket. Latitude, 39°.29’.00” N. Longitude 
70°.58’.40” W. Depth of water, 2456 meters. At that depth the tem- 
perature must have been low; not far from 0°C. 

2. Plutonaster agassizii, Verrill. Collected off Marthas Vineyard, 
Massachusetts. Depth of water, 584 meters. Bottom temperature 
6.6°C. 

3. Odontaster hispidus Verrill. Collected off Marthas Vineyard. 
Depth, 245 meters. Bottom temperature 11.1°C. 

4. Astropecten articulatus Say. West Coast of Florida. 


1 2 3 4 
1) ee ay MURR OS OL ts ap Oe3t 0.35 0.62 0.24 
CAT esOs ON 0.45 0.18 0.12 0.23 
ip ld Cl RPO Ais Rae Mie TLae aL AW) SL MOC ee 8.86 9.09 10.58 13.02 
ACOs ghee ene eee ieee in Cs 89.34 89.18 87.16 85.08 
Cas OE es Meo aE tae ok 0.89 1.20 1.44 1.43 
Ce a1 ed) | Sanne Oe nee! FO Se Bre 0.15 0.08 trace 


404 GENETICS: C. B. DAVENPORT 


For these starfishes we are indebted to the United States National 
Museum. They form part of a much larger series carefully selected for 
us by Mr. Austin H. Clark. The other specimens of the series are yet 
to be analyzed. ‘These four, however, fall into place with the Tobago 
echinoderms and with those previously published. ‘The progressive en- 
richment in magnesia, following increase of temperature, is unmistakable. 


1 This paper is here published by permission of the Director of the United States Geologi- 
’ cal Survey. 
2 Clarke and Wheeler, Washington, U. S. Geol. Surv., Profess. Paper, No. 102, 1917. 


ON UTILIZING THE FACTS OF JUVENILE PROMISE AND FAMILY 
HISTORY IN AWARDING NAVAL COMMISSIONS 
TO UNTRIED MEN 


By C. B. Davenport 


STATION FOR EXPERIMENTAL EVOLUTION, CARNEGIE INSTITUTION OF WASHINGTON 
Read before the Academy, April 17, 1917 


- We are about to organize an army of 1,000,000 men and to add greatly 
to our navy. Within the next few months, over 20,000 commissions 
will be given, largely to men who have never seen service. It is of pri- 
mary importance to the conduct of this war that they should be properly 
selected. In our civil war incompetence of officers was responsible for 
thousands of unnecessary deaths. 

In the past, appointments have been made largely as political favors, 
a very bad method of selecting. As Mahan says: “In the stringent and 
awful emergencies of war, too much is at stake for easy tolerance.’”’ In 
this paper I suggest a new method of selection in its particular applica- 
tion to untried naval officers. This method is, in brief, the utilization, 
among other data, of the facts of Juvenile promise and family history. 

The basis of this paper is the study of the biographies of 30 naval offi- 
cers, and genealogies and supplementary data relating to their families. 
It appears at once that naval officers are of different types—there are 
naval fighters (like Nelson, Farragut, Porter and Cushing), naval ex- 
plorers (like Sir John Franklin, McClintock, and our own Wilkes), 
naval inventors (like Dahlgren), naval diplomats (like Hornby) and so 
on. Of the 30 officers 14 are clearly fighters, and these are utilized in 
this study. 

The essential traits of successful fighting naval officers are (1) Love 
of the sea—perhaps an elementary instinct, but not yet fully studied: 
(2) nomadism, whose inheritance is known to be sex linked; (3) hyper- 
kinesis, which is inherited as a dominant trait: 1.e., does not skip a 
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generation—it is indicated by energetic activity, push and marked emo- 
tional output; (4) absence of fear, such as permitted Perkins at 6 years to 
drive, tied in a sleigh, 10 miles and back to town to meet an emergency; 
or Maffitt at 10 years to travel alone with a ticket on his coat from 
North Carolina to White Plains, N. Y., in the days of stage coaches; or 
Winslow, at 10 years, to set to sea in a skiff, with a young cedar tree 
for a sail, from which he was rescued by an incoming vessel. Impor- 
tant also is (5) ability to command men. 
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Pedigree chart of the Preble family. Commodore Edward Preble, U. S. N., is at Gen- 
eration III, No. 1. 


An analysis of these 14 cases of naval fighters shows that all of those 
about whose youth data could be obtained (11) were adventurous, no- 
madic, fearless or “‘quarrelsome.”’ Such then are the juvenile reactions 
of future successful naval fighters. In temperament 10 were hyper- 
kinetics, 2 hypokinetic, 1 mixed and 1 calm. The hyperkinetic is the 
commonest reaction of successful naval fighters; but some of the great- 
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est naval men, like Nelson, have had the somber spirits and the thor- 
oughness of the hypokinetic. 

As to family history, there is a record of the brothers in 8 cases. In 5, 
one or more brothers were active in the army or navy, 1 had a nomadic 
brother; 2 had brothers not especially noteworthy. The Father, in 3 
cases out of the 14 was a legal man, in 2 cases agricultural, in 2 medi- 
cal; 1 each was a merchant, inventor, evangelist, 2 were temporarily in 
the army, 1 was a purser in the navy and 1 was a naval officer (Admiral 
Porter’s father). The Mother’s Father, is described in 8 cases. One 
was a naval officer; 1 was a sailor, 3 were in the army and 3 apparently 
stayed at home. A Mother’s brother is described in 5 cases: 1 admiral, 1 
sea captain, 1 seaman, 1 “dare-devil,” and 1 in parliament. 
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Pedigree chart of naval officers in descendants, by two husbands, of Katherine Champer- 
noun, the sister of Sir Arthur Champernoun; namely, Sir John Gilbert, Vice Admiral; Sir 
Humphrey Gilbert, the navigator; and Sir Walter Raleigh. 


The conclusion from this study is first; the future fighting naval officer 
has, in childhood, a history of adventuresomeness and fearlessness. His 
mother’s close male relatives (father, or brother, usually) show love of 
the sea, of travel and of adventure. Some of them are apt to be suc- 
cessful fighters. The hyperkinetic tendency shows in either father or 
mother. If the father is a naval man and the mother of naval or no- 
madic stock the chances of a combination for success of the son as a 
naval fighter are increased. The nomadic and adventurous traits of 
the great naval fighters are usually carried in the female fertilized eggs 
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only.. Therefore the sons of the daughters, or sisters, of successful naval 
fighters are more apt to be successful naval men than are the sons or 
the sons’ sons of fighters, unless (as often happens) these fighting fathers 
marry daughters or sisters of naval men. 

Hyperkinesis in either parent gives a favorable prognosis for naval suc- 
cess in the son: but some of the very best naval fighters have been hypo- 
kinetics and, under modern conditions of naval warfare, this type is 
less handicapped than formerly. 

Four typical family pedigrees are annexed. 

List of the 14 naval officers utilized in this study :— 

Bainbridge (U. S.), Barney (U. S.), Cushing (U. S.), Cochrane (Eng.), 
Paul-Jones (U. S.), Lawrence (U. S.), MacDonough (U. S.), Keppel 
(Eng.), Maffitt (U. S.), Morris (U. S.), Perkins (U. S.), Porter (U. S.), 
Battnall (U. S.), Wolsely (Eng.). 


THE TRIPLET SERIES OF RADIUM 
By Gladys A. Anslow and Janet T. Howell 


DEPARTMENT OF PHYSICS, SMITH COLLEGE 
Communicated by G. E. Hale, May 2, 1917 


‘Many attempts have been made to establish a relationship between 
the spectra of elements and their atomic weights. Referring to the 
doublets which occur in the first and second subordinate series, Runge 
and Precht! stated the following law. ‘‘In each group of chemically 
related elements the atomic weight varies as some power of the distance 
apart of a pair.”” They applied this law to the group of alkaline earths, 
and when they plotted the logarithm of the frequency difference of the 
pair series in each element against the logarithm of the atomic weight 
they obtained a straight line which gave by extrapolation an atomic 
weight of 257.8 for radium. As this was too large a value Ives and Stuhl- 
mann? replotted the results of Runge and Precht using the atomic num- 
ber in place of the atomic weight. Although their results were in 
general more consistent the atomic number found for radium was 96 
instead of 88. 

Now the elements of the second group of the periodic table are char- 
acterized by the presence of both doublet and triplet series of the prin- 
cipal, first, and second subordinate types. On plotting the logarithms 
of the atomic numbers against the logarithms of the frequency differences 
between the extreme members of the triplets we found that alternate 
elements fall on straight lines as in figure 1. Therefore the triplets of 
radium should fall on a line with calcium, strontium, and barium. The 
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line through these three elements showed that the frequency difference 
of radium triplets should be approximately 3060. An examination of 
the known radium lines, measured by Runge and Precht,? showd a num- 
ber of triplets with the average frequency differences, 11 = 2016.64; 
v2 = 1036.15; and » + » = 3052.79. Two triplets showed well marked 
satellites and seemed to belong definitely to the first subordinate series. 
Although a study of the magnetic resolution of these lines will be neces- 
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sary to establish the triplets, there seems little reason to doubt that the 
frequency difference 3053 is characteristic of the radium spectrum. 

In figure 2 the logarithms of the frequency differences are plotted 
against the logarithms of the atomic weights. The general result is 
the same, but less accurate than in figure 1. The points plotted for 
radium in figures 1 and 2 are the points found with the actual values 
for the atomic number and the atomic weight. They fall almost exactly 
on the lines through calcium, strontium, and barium, in the one case above 
the line, in the other case below. Extrapolating from the curve we find 
values of 87 for the atomic number and of 231.7 for the atomic weight, 
which are remarkably close to the true values, 88 and 226. 

The triplets as identified so far are given in table 1. H indicates 
principal series; I N first subordinate; and II N second subordinate. 


TABLE 1 
108 FREQUENCY 108 FREQUENCY 
AIN A. U. | INT — DIFFER- AINA. U. [INT — DIFFER- 
» ENCE ENCE 
H III 1 | 6200.6 | 10/16127.47 EN Ie’3 | 508122 6|19680.39} 2015.07 
1043.15 129 .04 
HII 1] 5823.9 5|17170.62 IN II 3 | 5048.1 119809 .43} 2017.74 
2038 .13 93.05] — 
HI 11] 5205.96) 6/19208.75 IN II 3 5024.5 1}19902 .48} 2017.77 
baits ~ || I. N III 3} 4826.12] 20/20720.58] 1040.19 
IINI 31 5958.4 | 10/16783.03 99.31 


2015 .06]] I N III 3 |(4803.1)} 2/20819.89] 1010.46 


II N II 3} 6319.69} 6/18798.09 
1037.2 || INI 41] 4882.3 ; 2/20482.15 


II N III 3 | 5041.52] 6/19835.29 95.35 
mmm 1) i... (a TH TENT 4] 4850.7 | 1120577.40 
IINI 4/| 4997.4] 1/20010.41 94.05 
IINII 4 3060.20/} INI 4} 4837.59] 2/20671.45 


II N III 4 | 4334.5 | 5)23070.71 
ae INII 4) 4444.4 | 2/22500.22} 2018.07 


I NI 3) 5660.81} 10/17665.32 93.54 

126.37 IN II 4 4426.0 | 4/22593.76| 2016.36 
I NI 3/1 5620.6 | 3)17791.69 

92.92 IN III 4} 4245.4 | 2/23554.91) 1054.69 


I N1 3] 5591.4 | 1/17884.61 


In addition to the series triplets in table 1 there are three pairs with 
a frequency difference of 1035.34 and one of 2017.57 as shown in table 
2. There is one weak triplet at \\ 6487.4, 5729.2, and 5409.16 with 
¥, + v, = 3071.16, which does not fit into any series. A stronger pair 
at AA 4903.2 and 4265.1 with a frequency difference of 3051.27 may pos- 
sibly be a part of the I N 4 group. 


412 PHYSICS: C. BARUS 


TABLE 2 
a 108 FREQUENCY 108 FREQUENCY 
XIN A. U. | INT. = DIFFER- AINA. U. | INT. — DIFFER- 
nN ENCE EN ENCE 
6167.4 | 8 |16214.29 4366.5 | 4 |22901.64 
1038.41 1033.25 
5/9602 1) 5 10725270 4178.0 | 6 |23934.89 
5811.7 | 3 |17206.67 5907.4 | 2 |16927 .92 
1034.35 2017 .57 
5482.15] 6 |18241.02)° 5278.3 | 1 |18945.49 


A preliminary attempt at a Rydberg formula gives the following re- 
sults for the first line of the three classes of triplets: 


443490 — 109675 


(m + 1.0855)? 
109675 

(m + .8062)? 
109675 

(m + .6196)? 


It is very probable that further investigation will modify these for- 
mulae, but the existence of the triplets seems well established, and the 
fact that alternate elements in the chemical table show a spectroscopic 
relation is suggestive for further work along this line. 


Principal series, n 
First subordinate series, ” = 25236.8 — 


25153.0 — 


Second subordinate series, 2 


1 Runge, C., and Precht, J., Phil. Mag., London, 5, 1903, (476). 
2 Ives, H. E., and Stuhlmann, O., Physte. Rev., Ithaca, N. Y., (Ser. 2), 5, 1915, (368). 
3 Kayser, H., Handbuch der Spectroscopie, vol. 6, p. 325. 


THE MEASUREMENT OF SMALL ANGLES BY DISPLACEMENT 
INTERFEROMETRY ° 


By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY! 
Communicated April 21, 1917 


Parallel rays retracing their path—The following method was devised 
with a view to the micrometric measurement of angles. It is tobe used 
below in connect‘on with an electrometer for reading microvolts. An 
interference method of a different kind for measuring small angles was 
developed some time since and used at length in connection with the 
deviation of the horizontal pendulum.? Again the electrometer was 
treated in different ways*® by the aid of the displacement interferometer. 
The present method, however, will differ from all of these. In figure 1, 
L is a horizontal beam of white light from a collimator. After passing 
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through the auxiliary clear plate P (to be used preliminarily for parallel- 
izing the mirrors of the system in a way presently to be shown), the 
beam is reflected at a and 0 by the half silver plates Hi and H, respec- 
tively to the wide opaque mirror m. ‘The rays now retrace their paths 
or nearly so to be in turn transmitted at a and 0 by the half silvers A, 
and Hz. These transmitted pencils similarly impinge on the opaque 
mirror M and the half silver H; at c and d respectively, and pass thence 
(the ray from c being transmitted) into the telescope at T. The direct 
vision grating-prism g may be swivelled in place or removed, at pleasure. 

To bring the system of four mirrors into complete parallelism is here 
of considerable importance if the spectrum fringes or the residual phe- 
nomenon are to be adequately large for measurement. The presence of 
the common mirror m, however suggests the procedure. When the 
clear plate P is in place, the rays ae and Of on returning are also again 
reflected at a and b toward L and may ke clearly seen in a telescope‘ 


FIG. 1. 


at p. Hence if m is the standard plane and nearly vertical, the mirrors 
Hf, and H, will be parallel when the slit images seen at p coincide hori- 
zontally and vertically, while H,, Hz and m will have their common nor- 
mal plane in the diagram. In the same way the mirrors M and H; may 
be parallelized with their common normal plane in the diagram. If the 
distances ac and bd, ab and cd have previously been made nearly equal 
and the angles approximately 90°, the fringes will usually be found on 
moving the micrometer screw normal to Hs. 

As the mirrors are thick glass plates it is preferable that the half sil- 
vered sides of H, and H2 be toward L, and the half silvered side of H; 
toward M. In this case each ray passes the plates twice, as indicated 
in figure 1. With ordinary plate glass the fringes when found are still 
apt to be small. They are then to be enlarged and centered, by com- 
pensator of clear glass C and C’, in the two rays respectively, rotated in 
opposite directions around a horizontal axis until the center of ellipses 
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is in the field of the spectroscope. It may be necessary to actuate the 
micrometer screw at d to complete the adjustment. 

When the ellipses are centered, the direct vision spectroscope g re- 
moved, and the slit widened or removed, the residual or achromatic 
fringes appear in sight and are ready for use. These are always strong. 
The spectrum fringes are apt to be less so, since the parts of the ray L 
pass through ‘two half silvered surfaces H,H2 or HiH3 in succession.® 
The spectrum fringes are sharp when the slit is fine. If the white resid- 
ual fringes are too dazzling a single or two half silvers may be placed 
before the objective of the telescope with advantage. Two plates with 
their half silvered sides in contact and held so by a steel clip, are excellent 
for this purpose while they are at the same time protected from sulphur 
corrosion. ‘This in fact is the best method of preserving silver mirrors 
(in pairs) when not in use. 

When the spectra are in coincidence and the fringes sharp, the mirror 
m may be rotated around a vertical axis at A into some position, m’. 
In such a case the two spectra will move through the field of the tele- 
scope at T, but their coincidence will not be destroyed. The D lines, 
for instance, will continue to be superposed throughout. Considerable 
path difference is however introduced in this way and hence the fringes 
will march through the spectrum at an enormously more rapidrate. The 
following data may be given, where a is the angle of rotation of the mir- 
ror mand N the reading of the micrometer at H; (screw in the normal dm) 
necessary to bring the center of ellipses back to the sodium lines. In 
both cases the centers were out of the field (above or below), so that 
horizontal fringes were made the criterion for adjustment. This method 
is somewhat rough, but adequate for the present purposes. | 

1. Fine thin fringes. Relatively large differential glass path. Dis- 
tance ab, figure 1,2R = 21cm. Thickness of glass plates (half silvers) 
e = ./0 cm. 


a= Qf 205° 71 20° Ore S40 ee Screen nee 
N X 108 = 23 308) 128) 2; 4 9162) "20S 258i ceo tcae 


This is curve a in figure 2. From it the mean rate 


a = A7 cm/degree, or 27 cm/radian 
a 


may be found. 
2. Coarse large fringes. Smaller differential glass path. 


a= 0° A eh” A aM NM a ALS NILA UN ah Sotpoe Heke oak 
NX 10?= —25 +29 84 134 176 217 265 323. 365 420 467 cm. 
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This is the curve given (with double ordinates for distinction), in curve 
b, figure 2, and in figure 3. Besides this the datum a = —.6°, N = —.320 
cm was obtained. In figure 3 the mean rate is 


ra = .465 cm/degree, or 26.6 cm/radian, 

agreeing with the preceding as closely as may be expected. We may 
thus estimate AN = 27 X 10-* of displacement at the micrometer at 
H; per micro-radian of turn a at the mirror m, which amounts to a 
little less than one interference ring per microradian (about one-fifth 
second of arc) of turn. The theory will be given later. With regard 
to the application to the electrometer we may come to the following 


FIG. 2 AND 3. 


conclusion. A good instrument of the quadrant or similar type should 
give about a radian of deflection per volt, or a microradian per micro- 
volt. In the present interferometer the microradian is about equiva- 
lent to the passage of one interference fringe. Hence one fringe per 
microvolt is about the order of sensitiveness to be expected. 


1 This contribution is a note from a Report to the Carnegie Institution of Washington. 

2 Washington, Carnegie Inst., Pub., No. 229, 1915, ({ 10 et seq.) 

3 Ibid., (YJ 67 et seq.) 

4 The return rays may also be projected in a screen near the objective of the properly 
focussed collimator and the sharp images put in contact. 

5 Tf @ is the refraction of light transmitted and 1 — a reflected, the fraction of the original 
light, L, reaching the telescope T will be 2a2(1 — a)*. This is a maximum if a = 3. Thus 
the illumination is reduced to #. 


PROCEEDINGS OF NAT. ACAD. OF SCI., VOL, 3, NO. 6 
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MECHANISMS THAT DEFEND THE BODY FROM POLIOMYELITIC 
INFECTION, (a) EXTERNAL OR EXTRA-NERVOUS, 
(b) INTERNAL OR NERVOUS 


| By Simon Flexner 


ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH 
Read before the Academy April 17, 1917 


I am led to report the results of recent experiments looking toward 
the solution of the problem of susceptibility in epidemic poliomyelitis, 
by reason of the intrinsic interest of the subject and because of certain 
advances in knowledge which have been made recently. 

The mass of the population appears insusceptible to the disease. That 
is to say even under conditions in which poliomyelitis is severely epi- 
demic the real incidence is low. Thus the incidence during the past 
summer and autumn in Greater New York City, in which more 
than 9000 cases of the disease were recognized, was 1.59 per 1000 of the 
population. 

Our present knowledge indicates that during epidemics, the microbic 
cause or virus of the disease is very widespread. This virus leaves and 
enters the body by way of the nasal and buccal mucous membranes. It 
is present not only in paralyzed persons but equally in the greater num- 
ber of the affected who are often only slightly ill and do not develop any 
paralysis whatever, and in an undetermined number of healthy persons 
who have been in intimate contact with both classes of patients 
mentioned. 

In view of the wide distribution of the virus and the relatively low case 
incidence, we must suppose that many more persons are exposed to 
than acquire the infection. Hence the body must possess defensive 
mechanisms usually sufficing to protect it from invasion. 

Two sets of defences have been detected. The first or external con- 
sists of the secretions of the nasal and probably pharyngeal mucous 
membranes. ‘Their action has been especially studied by Amoss and 
Taylor.! The secretions in many if not in most persons when left in con- 
tact for a relatively short time with the virus of poliomyelitis, inactivate 
or neutralize it. This test is readily made because monkeys are highly 
susceptible to inoculation with the virus. When an active virus has 
been mixed with the bacteria-free nasal secretions obtained by filtration 
_ through porcelain, it is no longer active for monkeys. 

Some persons fail to yield this neutralizing nasal secretion; in others, 
a temporary, pathological state of the mucous membranes removes the 
inactivating property previously present. The number of tests is still 
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too small to determine whether young persons who are the more suscepti- 
ble yield secretions which are numerically inferior in neutralizing power 
to those supplied by older persons. 

Probably the failure of this external defensive measure is not in itself 
decisive, because of the existence of the second or inner defensive mech- 
anism. It consists of the membranes about the brain and spinal cord 
and attached secreting organ of the choroid plexus. This meningeal- 
choroid complex is remarkably efficient in excluding from the cerebro- 
spinal fluid, and hence from the substance of the brain and spinal cord, 
almost everything present in the circulating blood, except water and a 
few inorganic salts. The fluid is also almost free of cells. Only when 
the complex has been injured in some way and its integrity impaired 
does it permit even protein and cells to pass through from the blood 
into the cerebrospinal fluid. 

The fact had previously been determined,? that the virus of poliomye- 
litis passes with great difficulty from the blood into the nervous organs, 
unless the choroid plexus and meninges had previously been injured, say 
through setting up an aseptic inflammation by injecting sterile horse 
serum into the meninges by means of lumbar puncture. What the 
present studies have brought out is the extraordinary sensitiveness of 
those structures to the injurious action of othewise bland fluids,* for not 
only is their permeability affected by irritants such as horse and even 
normal monkey serum, both of which produce visible signs of inflamma- 
tion, but also by sterile physiological salt, Ringer’s or Locke’s solutions 
which set up only evanescent inflammatory changes, and of the cere- 
brospinal fluids from other monkeys which produce no detectable 
inflammatory changes whatever. The injury produced by the last fluid 
mentioned is so slight as possibly to be regarded in Cohnheim’s sense 
as merely molecular. 

Possibly poliomyelitis arises during the prevalence of the malady when 
both sets of defensive measures fail. This probably would occur only 
in exceptional instances in individuals among populations of any size. 
It is for the moment not difficult to conceive of reasons to account for 
the failure of the external mechanism, and more difficult to account for 
failure of the internal mechanism of defense. Not improbably the neu- 
tralizing power of the nasal secretions tends to reduce the carriage of 
the virus upon the nasal mucosa of persons exposed to and having suf- 
fered from infection with the virus of poliomeylitis. It becomes, there- 
fore, an essential agency in diminishing public danger through reduction 
in the number of the potential virus carriers which arise. 

There is one irritating fluid only so far detected which does not pro- 
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mote infection when injected into the cerebrospinal meninges. This 
fluid is an immune serum obtained from monkeys or human beings previ- 
ously recovered from poliomyelitis. The immune serum carries neu- 
tralizing principles which inactivate the virus as it passes from the blood 
into the cerebrospinal fluid. This observation is in harmony with the 
curative action exercised by the serum, as was first shown some years 
ago in inoculated monkeys,‘ and has recently been confirmed for human’ 
cases of epidemic poliomeylitis. ® 

1 Amoss, H. L., and Taylor, E., J. Exp. Med., 25, 1917, (507). 

> Flexner, S., and Amoss, H. L., Ibid., 19, 1914, (411). 

3 Flexner, S., and Amoss, H. L., Jbid., 25, 1917, (525). 


4 Flexner, S., and Lewis, P. A., J. Amer. Med. Assn., 54, 1910, (1780); 55, 1910, (662). 
5 Amoss, H. L., and Chesney, A. M., J. Exp. Med., 25, 1917, (581). 


THE BEHAVIOR ON HYDROLYSIS OF THE SIMPLEST SECONDARY 
NUCLEOSIDE ON THYMINE 


By Treat B. Johnson and Sidney E. Hadley 


SHEFFIELD SCIENTIFIC SCHOOL, YALE UNIVERSITY 
Communicated by L. B. Mendel, May 5, 1917 


In a previous publication from the Sheffield Chemical Laboratory 
Johnson and Hadley! have shown that the ethyl ether of the secondary 
uracil-nucleoside I undergoes a very unique transformation when sub- 
jected to hydrolysis by heating with hydrobromic acid in aqueous solu- 
tion. Ethyl bromide is first evolved with formation of the nucleoside 
II. This pyrimidine then undergoes a profound molecular change on 
prolonged heating and is transformed, with evolution of carbon dioxide, 
into a combination of unknown structure having the empirical formula 
C;H,ON>. 


NH—CO NH—CO 
CO CH — CO CH —— C,;H,ON2+ COz 
| oy OC:H; | OH 
A 
NH—C - ch CH; NH—C.-CH.CHs 
II. 


Great biochemical interest is attached to nucleoside transformations | 
of this character, and we have now in progress an investigation planned 
to establish cape cae the structure of this interesting product of 
hydrolysis. 
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We have now continued our investigation on the hydrolysis of pyri- 
midine-nucleosides and have examined the behavior towards acids of 
the ethyl ether of the corresponding secondary nucleoside of thymine 
III. This pyrimidine has already been synthesized and a description 
of the properties of the compound is given in a dissertation presented by 
Dr. Hadley in 1916.2, We now find that this pyrimidine III interacts 
in a manner perfectly analogous to that shown by its lower homologue 
I. When heated under pressure with an aqueous solution of hydro- 
chloric acid it is transformed as expected into the nucleoside IV with 
evolution of ethyl chloride. On continued heating, however, the nu- 
cleoside IV gradually breaks down with evolution of carbon dioxide, and 
is changed into a compound of unknown structure having the formula 
CsHi0ON,. The transformation is expressed by the following equation. 


an NH—CO 
CO: .C-CHs == CO CCH, —— CeHwON2 + CO» 
, | OCH; | | OH 
Ye Ve 
NH—C -CH- CH; NH—C-CH-CHs 
III. IV. 


In other words, the two hydrolytic products C;sHsON, and C.Hi,ON2 
are combinations of the same order and are representatives of an homolo- 
gous series differing in constitution by a CH, radical. 

The compound C.sHi.ON, derived from the nucleoside ether III has 
a melting or decomposition point of 270°. We have subjected the com- 
bination to a complete analysis and have obtained the following ana- 
lytical results. Carbon 56.88%, hydrogen 8.10% and nitrogen 21.96%. 
The theoretical values for these three elements respectively in a com- 
pound having the formula CsHi)ON, are carbon 57.1%, hydrogen 7.9% 
and nitrogen 22.2%. 

Our observation that pyrimidines of the type represented by formulas 
II and IV readily loose one of their carbon atoms is unique in that the 
change can be brought about by simple hydrolysis and without the 
employment of an oxydizing agent. The mother compounds from which 
the nucleosides are derived viz.: uracil and thymine, can be heated with 
acids at high temperatures for hours without destruction of the pyri- 
midine ring. The final results of our investigation will be published in 
the Journal of the American Chemical Society. 


1 Johnson and Hadley, J. Amer. Chem. Soc., Easton, Pa., 38, 1916, (1844). 
? Hadley, Sidney E., Dissertation, Yale University, 1916. 
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THE OCCURRENCE OF HARMONICS IN THE INFRA-RED 
ABSORPTION SPECTRA OF DIATOMIC GASES 


By James B. Brinsmade and Edwin C. Kemble 


JEFFERSON PHYSICAL LABORATORY, HARVARD UNIVERSITY 
Communicated by E. H. Hall, May 1, 1917 


The study of the infra-red absorption bands of gases has within the 
last few years received a great impetus through Bjerrum’s! explanation 
of their structure as the result of the superposition of the molecular ro- 
tations on the vibrational motion of the charged atoms, which is the pri- 
mary cause of the absorption. Bjerrum’s suggestion was quickly fol- 
lowed by the discovery of v. Bahr? that these bands are, in reality, clusters 
of comparatively narrow lines, corresponding to the discrete angular 
velocities predicted for the molecular rotations by the older form of the 
quantum theory. In a recent number of the Physical Review* Kemble 
has called attention to the fact that if the energy of the vibrational mo- 
tion also takes on only the quantum values the corresponding infra-red 
absorption bands in the spectra of diatomic gases ought to be accom- 
panied by faint harmonics. An examination of the literature showed 
only one case, viz., carbon monoxide, in which more than one band was 
known to exist and this was a faint one at very nearly half the wave 
length of the fundamental. The present article is a preliminary report 
on an experimental search for similar harmonics in the infra-red absorp- 
tion spectra of other diatomic gases and an examination of their struc- 
ture. First harmonics have been found in the spectra of hydrochloric 
acid and hydrobromic acid and their structure as well as that of the faint 
carbon monoxide band has been shown to be in general agreement with 
the theory. Search was also made for possible second and third har- 
monics in the spectra of carbon monoxide and hydrochloric acid, but 
without result. 

Apparatus and Method of Procedure.—The work was done on a prism 
spectrometer with a combination Wadsworth-Littrow mounting similar 
to that described by Gorton.’ This arrangement gives an unusually 
high resolving power by a double passage of the energy through the 
prism. The energy was measured with a thermopile. The prism was 
of quartz, the refractive indices given by Carvallo and Rubens? being 
used in computing the wavelength scale. The absorption tube was 78 
cm. long and had a minimum inside diameter of 3.5cm. The ends were 
closed with windows of fused quartz. 

Each galvanometer deflection with the absorption tube in place was 
‘sandwiched’ between two deflections with the tube drawn to one side. 
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In this manner a curve was obtained, showing the transmission of the 
tube relative to an air path of equal Jength. The absorption in the gas 
was computed by comparing the transmission curve for the tube when 
evacuated with that when filled with the gas under investigation. From 
two to six complete sets of observations were taken at each spectrometer 
setting. 


i 


300, | 400 
Spectrometer, 


FIG. 1. FIG. PIG 3: 


FIG. 4.) 


Carbon Monoxide.—According to Burmeister® the principal inira-red 
absorption band of CO is a doublet whose maxima are at 4.60 uw and 4.72 
pw. ‘The center of the harmonic should accordingly be at 2.33 uw. It 
should be a doublet with one fourth the wavelength difference between 
the maxima that is observed in the fundamental. Figure 1 shows the 
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absorption curve obtained. When this curve was taken the spectro- 
meter was not properly adjusted to give its full resolving power. How- 
ever, it is easy to see that the band is actually a doublet and that within 
the limits of error of our observations the separation of the maxima of 
the components is that predicted. The vertical lines a-a in the figure 
have the wavelength separation predicted for the maxima from Bur- 
meister’s observations on the fundamental. On the other hand, the 
wavelength of the center of the band is greater than it should be by 
0.043 uy. 

This band had previously been observed by Coblentz, Burmeister, 
and others, but had not been resolved into its two components. 

Hydrobromic Acid.—Burmeister gives only one absorption band in 
the infra-red absorption spectrum of HBr, viz., a doublet with maxima, 
(corrected for slit-width by the Paschen-Runge formula) at 4.013 » and 
3.836 u. The center of the harmonic should be at 1.962 » and the sepa- 
ration of the maxima should be 0.0442 u. Figure 2 shows the absorption 
curve obtained. The widths of the entrance slit and thermopile slit 
are indicated by two pairs of short vertical lines marked E. S. and T. S. 
respectively. The distance between the maxima is in satisfactory agree- 
ment with the theoretical distance (cf. vertical lines a-a). As in the 
case of CO the wavelength of the center of the band is aii than that 
expected, the error being 0.026 u. 

Hydrochloric Acid.—The infra-red absorption spectrum of HCl con- 
sists, according to Burmeister, of a single doublet with maxima (cor- 
rected for slit-width) at 3.394 u and 3.557 uw. We have found an addi- 
tional doublet (fig. 3) with maxima at 1.783 uw and 1.742 uw. As in the 
cases of the other gases examined the observed wavelength of the center 
of the band is somewhat greater than it should be if the band is a true 
harmonic of the one at 3.475 uw, but the separation of the maxima agrees 
with the theoretical value predicted from Burmeister’s observations. 

Figure 4 shows this same HCl band as observed with narrower slits. 
The quantum lines discovered by v. Bahr in the fundamental are re- 
solved on the long wavelength side of the band but not on the short 
wavelength side. The reason for the asymmetry in the positions of 
the quantum lines will be discussed below. 

Figure 5 shows the fundamental as observed when the tube was 
filled with a mixture of air and HCl, the latter having a partial pressure 
of 20.3 cm. The absolute magnitudes of the absorption shown by this 
curve have not been determined as accurately as we hope to determine 
them in the future, but the positions of the bands are probably to be 
relied on. The wavelength of the center of this band is less than that 
observed by Burmeister with a prism by 0.01 u. 
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Discussion.—According to the theory previously referred to,’ the in- 
fra-red absorption spectrum of a diatomic gas at moderate temperatures 
should consist of a relatively strong fundamental doublet accompanied 
by a faint harmonic. The latter band should also be a doublet andthe 
wavelength difference of the components should be one fourth of the 
wavelength difference of the components of the fundamental. The 
theory applies to five gases, viz., CO, NO, HCl, HBr, and HI. Of these 
we have examined three, and in each case the prediction of the theory 
has been verified. The only discrepancy between theory and obser- 
vation consists in a slight excess in the observed wavelengths of the 
‘harmonics’ over their computed values, amounting to 0.043 yu, 0.026n, 
and 0.025 yw, in the cases of CO, HBr, and HCl respectively. 


FIG. 


This disagreement may be attributed to a slight error in the dispersion 
curves on which the wavelength measurements are based. As no absorp- 
tion bands other than those here mentioned are known in the near infra- 
red spectra of the gases investigated, it seems out of the question that 
the occurrence of these weak bands at wavelengths so near the computed 
values can be a matter of chance. Moreover, as these diatomic molecules 
have but one vibrational degree of freedom, it would be difficult to ex- 
plain the occurrence of two absorption bands in the infra-red spectra 
of these gases except as the result of the non-simple harmonic character 
of motion of the two atoms along their line of centers. That the faint 
bands are not due to impurities is proved by the spacing of the maxima 
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of the two components. We therefore look upon the small wave length 
discrepancy referred to as an indication of a slight error in the accepted 
values of the infra-red refractive indices of quartz. 

The Asymmetry of the Bands.—According to the elementary theory 
of the structure of the infra-red absorption bands of diatomic gases 
given by Bjerrum!, the curve obtained when absorption coefficients are 
plotted against frequency should be a symmetric doublet, of which each 
half should have the form of the distribution function for angular 
velocities. He assumes implicitly that the frequency of the atomic 
vibration is independent of the angular velocity of the molecule. The 
observed absorption bands are all asymmetric, however, the high fre- 
quency component being narrower and more intense. In an unpub- 
lished paper read before a recent meeting of the American Physical 
Society by Kemble’, it was suggested that this asymmetry might be 
due to the fact that the frequency of the atomic vibration is lowered by 
the expansion of the molecule under the influence of the centrifugal force 
produced by the molecular rotation. This change of frequency would 
cause a crowding together of the quantum lines in the high frequency 
component and a corresponding increased separation in the low fre- 
quency component. On the basis of this theory the frequency of 
vibration should be 

Dy = Vy — Oye 
where a is a constant, 9 is the frequency of vibration for zero angular 
velocity, and », is the frequency of rotation. Combining this assump- 
tion with the quantum theory we obtain the following formula for the 
positions of the two elementary lines corresponding to the pth unit of 
angular velocity. 
i 0 ee Pu = pais. 

vy, is the unit of angular frequency. The dashed vertical lines on figure 
4 indicate the theoretical positions of the quantum lines in the HCI har- 
monic as computed by the above formula, using the values 3.7 X 10-“ 
and 6.32 X 10" for a and », respectively. The vertical lines in figure 5 
give the corresponding positions for the fundamental, using the values 
2.55 < 1074 and 6.32 x 10" for a and 7). In each case the avreemeus 
is satisfactory. 

The unit of angular frequency, 1, is inversely proportional to the mo- 
ment of inertia of the molecule and v. Bahr interpreted an apparent 
decrease in the value of 1, for the larger values of p which was observable 
on her absorption curve for the HCl fundamental, as an indication of an 
increase in the moment of inertia with increasing angular velocity. 
It will be observed that our observations show no perceptible variation 
in the value of 1. 
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One difficulty arises in connection with this theory of asymmetry. 
If the faint HCl band is a true harmonic of its strong companion the 
constant a should have twice the value for the former that it does for 
the latter. According to our observations the ratio of the two values of 
the constant is about 1.5 instead of 2. However, a very slight change 
in the assumed form of the dispersion curve in the neighborhood of 3.5 
u would suffice to bring the observations on the two bands into agree- 
ment. As a matter of fact the shape of the dispersion curve in this 
region is somewhat uncertain, for the points determined by Rubens are 
far apart and slightly irregular. The wavelength scale shown in figure 
5 was obtained by drawing the best possible smooth curve through the 
points given by Rubens. 

Kinetic Energy at the Absolute Zero.—Figures 4 and 5 emphasize an 
extremely important fact already evident in v. Bahr’s absorption curve 
for the HCl fundamental, viz., the absence of a central band correspond- 
ing to a group of molecules having zero angular velocity. This obser- 
vation forces the conclusion that none of the molecules are without rota- 
tional energy and brings us to a combination of the first form of Planck’s 
quantum theory with the zero-point energy hypothesis which has 
hitherto been associated with the second form of his theory. Additional 
evidence in favor of this view including a discussion of the specific heat 
of hydrogen will be published shortly. 

Conclusion.—The complete verification of a natural theory of the 
asymmetry of the infra-red absorption bands of diatomic gases and the 
accompanying explanation of the apparent increase in the moment of 
inertia of the molecule with increasing angular velocity clear up the 
outstanding difficulties in the theory of the structure of these bands. 
Consequently there can be no further doubt that it is correct to con- 
clude from the discontinuities in their structure that the angular veloci- 
ties are distributed among the molecules in the discontinuous manner 
predicted by the older form of the quantum theory. The proved exist- 
ence of harmonics in the infra-red spectra of the same gases is almost 
equally good evidence that the vibrational energy of these molecules is 
distributed in the same manner. 
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THE LOSS IN ENERGY OF WEHNELT CATHODES BY ELECTRON 
EMISSION 


By W. Wilson 


RESEARCH LABORATORIES OF THE AMERICAN TELEPHONE AND TELEGRAPH COMPANY 
AND OF THE WESTERN ELECTRIC COMPANY 


Communicated by R. A. Milliken, May 9, 1917 


It was first shown by O. W. Richardson in 1903 that the thermionic 
current from a hot cathode is given by the equation i = a6’e~””® where 
6 is the absolute temperature and a and 0 are constants. 

The constant 6 has the special significance that it is proportional to 
the work done by an electron in leaving the surface of the body in ques- 
tion. This work can be determined directly by measuring the difference 
in power required to maintain a body at a certain temperature when it 
is emitting electrons from when it is not. Richardson and Cooke and 
later Lester have obtained values for tungsten which are in very good 
agreement with the values of b obtained by Langmuir and K. K. Smith. 

On the other hand Wehnelt and Jentsch, Schneider, Wehnelt and 
Liebreich, and Richardson and Cooke have all found that for lime cov- 
ered cathodes either the effect is so small in comparison with other 
energy changes as to be completely masked or that there is no corre- 
spondence between the two quantities. 

Since these experiments suggest that the mechanism of thermionic 
emission from Wehnelt cathodes is different from that for pure metals 
further experiments were made by the author to determine whether 
consistent results could be obtained by using more stable cathodes. 

If W is the work done by an electron in leaving the surface of a hot 
body W = bR, where R is the gas constant for one molecule. 

If it is assumed that the work done by the electron is that done by 
moving through a double layer of strength ¢ we have W = ¢e, and ¢= 
bR/e. ‘ 

The method of Richardson and Cooke was used for the direct deter- 
mination of ¢. The constant 6 was determined in the usual manner, 
thermionic current being measured with the cathode at different tempera- 
tures which were obtained by means of an optical pyrometer of the Hol- 
born and Kurlbaum type. 

The following are the results obtained: 
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ee NUMBES. prennes Me wares 
VOLTS 
fl 27,200 2.34 2.39 
2 30,100 2.59 2.54 
3 23,500 2.02 1.97 
4 25,200 2.16 2.28 
5 38,200 3.28 S222 
6 40,600 3.49 3.45 


Filaments 1 and 2 were coated with BaO 50%, SrO 25%, CaO 25%, 
Filaments 3 and 4 with BaO 50%, SrO 50%, and Filaments 5 and 6 
with CaO alone. 

It appears that for Wehnelt cathodes the values ¢ and bR/e show a 
good correspondence. This is a strong point in favor of the view that 
the emission of electrons from Wehnelt cathodes is due to a similar 
mechanism to that causing the emission from heated pure metals. It 
is also a further proof of the substantial correctness of Richardson’s 
hypotheses to account for the emission of electrons by hot bodies. 


DAILY VARIATION OF WATER AND DRY MATTER IN THE 
LEAVES OF CORN AND THE SORGHUMS 


By Edwin C. Miller 


KANSAS AGRICULTURAL EXPERIMENT STATION 
Communicated by R. Pearl, May 14, 1917 


In connection with the study of the water relations of corn and the 
non-saccharine sorghums previously reported by me (J. Agric. Res., 
6, 1916), it was thought advisable to determine the daily variation of 
the water and dry matter in the leaves of these plants. A knowledge of 
the variation of the water in the leaves should throw some light on the 
relative ability of these plants to absorb water from the soil and to trans- 
port it to regions of loss from transpiration, while a study of the daily 
variation of dry matter in the leaves would permit a comparison of the 
relative power of the plants to manufacture food under different climatic 
conditions. The experiments herein reported were conducted during 
the summers of 1914, 1915, and 1916 at the State Branch Experiment 
Station at Garden City, Kans. 

Cultural Methods.—The plants used in these experiments were Pride 
of Saline corn, Blackhull kafir and Dwarf milo. In 1914 and 1915, the 
plants were grown in alternate rows on the same plot, while in 1916 the 
experiments were made with plants grown on a series of one twentieth 
acre plots. The plants were grown in a sandy loam soil that had been 
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fall plowed and irrigated with approximately 8 inches of water. The 
crops were surface planted in rows 44 inches apart. After the plants 
were a few inches high the corn was thinned to a distance of 2 feet be- 
tween the plants, Blackhull kafir to 13 feet and the Dwarf milo to 1 
foot. The plots were scraped with a hoe to keep the weeds down but no 
other cultivation was given during the growing season. The plots re- 
ceived no water after the fall irrigation, except that which came from the 
rainfall. 

Leaf Sampling.—The amount of water and dry matter in the leaves 
of a given variety of plant was determined every two hours from 30 leaf 
samples, each with an area of 1 sq. cm. Thirty representative plants 
of each variety were selected and a leaf chosen on each plant for furnish- 
ing all the samples for an experiment extending over the desired length 
of time. At 7a.m.a single sample was taken from each of the 30 selected 
leaves toward their tips. This was done by means of a Ganong leaf 
punch with an area of one square centimeter. At 9 a.m. a sample was 
taken from each of the 30 leaves directly opposite the sample taken at 
7am. At 11 a.m. the samples were collected from the leaves directly 
below those taken at 7 a.m. and then at the next two hour period directly 
opposite these and so on. The samples for a forty-hour experiment 
were thus obtained from a portion of the leaves representing less than 6 
inches of their respective lengths. The leaf samples from corn, kafir and 
milo at any period could be collected in the manner described in from five 
to eight minutes. Care was taken in the selection of the leaves, so that 
they would be as nearly the same age as possible for the three plants. 
The uppermost, fully-developed leaf of each plant was the one from 
which the leaf samples were obtained. 

The samples were collected in weighed vials which were then quickly 
stoppered. The vials containing the moist material were weighed at 
once on balances sensitive to one tenth milligram. They were then 
placed in a drying oven at 100-105°C. until all the moisture was driven 
off. Afterdrying, the samples were cooled in a desiccator over sulphuric 
acid and weighed so that the amount of water and dry matter could be 
obtained. 

Results —Nine experiments were conducted in 1914, two in 1915 and 
four in 1916. Four of the experiments in 1914 extended only through 
the daylight hours but all of the other experiments ranged in length from 
twenty-four to forty hours. In all the amount of water and dry matter 
in the leaves was determined every two hours for twenty-two days and 
ten nights. The amount of water in the leaves at any period of the 
night could be accurately determined owing to the fact that dew is very 
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rare during the summer in this portion oi the Great Plains. Corn, kafir, 
and milo were used in all the experiments with but two exceptions in 
1916. In these two experiments only corn and milo were used. The 
amount of water in the leaves was determined in grams per square meter 
of leaf; percentage on a wet basis and dry basis for each two hour period 
of the experiment. The amount of dry matter was determined in grams 
per square meter of leaf and in percentage of the moist weight of the 
leaf. 

The leaves of milo contained less water at all times than the leaves 
of either corn or kafir at the same stage of development. The average 
water content per square meter of leaf for all the observations made was 
111.4 grams for milo, 123.2 grams for corn and 126.3 grams for kafir. 
The amount of water in the leaves of corn and kafir was practically the 
same at like stages of growth. The small difference between the average 
amount of water in the leaves of kafir as compared with those of corn, 
is due to the fact that in one experiment in 1914 and in two experiments 
in 1916, the leaves of the kafir were about ten days younger than those 
of the corn and, as a consequence, contained a greater amount of water. 

Under the conditions of these experiments, the leaves of corn in most 
cases were wilted during the greater portion of the day. ‘The first signs 
of wilting were most generally observed between 9 a.m. and 10 a.m. and 
in most cases no visible wilting could be observed after 4 p.m. The 
kafir leaves wilted during the day, but not to the extent that the leaves 
of the corn did while the milo leaves showed little or no signs of wilting. 
Under these conditions the average range between the maximum and 
minimum amount of water per square meter of leaf during the two hour 
periods from 7 a.m. to 7 p.m. was 13.8 grams for corn, 8.4 grams for 
kafir and 7.8 grams for milo. 

Table 1 shows the average gain or loss of leaf water during each two 
hour period of the day from 7 a.m. to 5 p.m. for the experiments con- 
ducted in 1914, 1915 and 1916. The average gain or loss for each period 
is expressed in grams per square meter of leaf and in percentage based 
on the water in the leaf at the beginning of the two hour period. 

A consideration of the loss of the leaf water during the day shows that 
from 7 a.m. to 9 a.m. the rate of loss was practically the same for corn 
and milo and the least for kafir. From 9 a.m. to 11 a.m. as the aerial 
conditions became more severe, the rate of loss increased for corn and 
kafir, but decreased almost one half for milo. During the next two hours 
the rate of loss decreased for all three plants, but the rate of loss was ap- 
proximately twice as great for corn and kafir as for milo. From 1 p.m. 
to 3 p.m. the rate of loss continued to decrease, while the rate of loss of 
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TABLE I 


SUMMARY OF THE VARIATION OF THE WATER CONTENT OF THE LEAVES OF CoRN KAFIR AND 
Mito DourInG THE YEARS 1914, 1915 anp 1916 aT GARDEN Ciry, Kansas 
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Corn 21 unde 1a eS 0 0 0 | 4.1 loss | 3.5 loss 
Kafir DP ae Iee Ss | Ate: 1; 3.8] 3.2 | 3.0 loss | 2.5loss 
4.0 3 


Milo 18 AnD 1.3 1.3 | 3.6 loss | 3.4 loss 


7a.m.— 9a.m... 


Corn 18 4.8 4.2 2 25 2.2 | 4.1 loss | 3-8 Jess 

9a.m-11 a.m... Kafir 16 3.9 3.4 1 13 1.0 | 3.7 loss | 3.4 loss 
Milo 20M 2282 eal 1 5.2°}*.5.6 | 1:9 loss |’ 128 toss 

Corn 15 Sei 3.4 6) 1) 5229 2.4 | 2.5 loss) 2:2) lose 

if a.m-—) p.m... Kafir 14 Sek R2O 3} 4.2 | 3.6] 2.5 loss | 2.2 loss 
-| Milo 13 1 teh) 1.9 7 1.7 1.6 | 1.1 loss | 1.1 loss 

Corn 10 3.1 IPS 10 IRS) 2:2 | 1.8 loss | 1.6 loss 

1pm. 3p.m...} 4 Kafir 4) 2:5) 2.1 | 13. | 331). 2.7 |. 2:0¢am eee 
Milo ipl Ses lansn8 10] 2.6*) 2.5 | 1.7 loss t6 less 

Corn 4} 2.7-| 2.3) 17] 5.7) 4.9 | 4.6 gain | 4.0 gai 

3p.m- 5p.m...| 4 Kafir Oia (8) 0 17 | 4.3 | 3.6 | 4.3 gain | 3.6 gain 
Milo 4); 4.1 / 4.2) 17 | 3.9 | 3.7-| 3.2 gain 3 On 


milo increased over one per cent. ‘These results seem to indicate that 
the absorption of water by the milo from the soil and its translocation to 
leaves, was proceeding more rapidly in proportion to the loss of water 
from the plant than in the case of elther corn or kafir. The fact that 
the leaves of milo seldom wilted during the day also indicated that fact. 
The wilting of the leaves of milo in contrast to either the corn or kafir 
usually could not be observed until much later in the day. The increase 
in the rate of loss of leaf water in the milo from 1 p.m. to 3 p.m. would 
indicate, that the rate of absorption of water from the soil during that 
period, was less than the loss by evaporation from the leaves. 

The amount of dry matter in the leaves of milo was at all times greater 
than in the leaves of corn or kafir of the same age. Taking the average 
weight of a square meter of corn leaf as 1, the average weight of an 
equal area of leaf would be 1.08 for kafir and 1.16 for milo. These dif- 
ferences in weight could be due either to the more compact arrangement 
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of the cells, or to a difference in the thickness of the leaves of the three 
plants or to both of these factors. 

The average difference between the maximum and minimum amount 
of dry matter in the leaves during the day from 7 a.m. to 7 p.m. was 4 
grams for corn, 4.8 grams for kafir and 8.0 grams for milo. Table 2 
shows the rate of increase in dry matter for corn, kafir and milo in grams 
per square meter of leaf for each of the two hour periods during the day, 
from 7 a.m. to 5 p.m. 

TABLE II 


AVERAGE RATE OF INCREASE OF THE Dry MATTER FOR EACH SQUARE METER OF LEAF FOR 
Corn, KAFIR AND Miro Durinc EAcu Two Hour PERIoD OF THE DAY 


A. M. P.M 
PLANT 
7-9 9-11 11-1 1-3 3-5 
grams grams grams grams gram 
re ee es ae eke 2d 1.1 0.8 0.7 0.8 
Lye SS eRe aE ee enn eee: 52 0.7 122 0.7 
TGS) Ne Oe eo 1.3 125 De 2.0 0.8 


Two explanations are possible for these results. The milo plant 
either manufactures food in the leaves more rapidly than the corn or 
kafir, or the rate of translocation is higher in the latter plants. In 
most cases, under the conditions of these experiments, the leaves of corn 
were badly wilted during the greater portion of the day. The kafir 
leaves also wilted but not to the extent of the corn, while the leaves of 
milo very seldom showed signs of wilting. The smaller increase in dry 
matter in the leaves of corn and kafir during the greater portion of the 
day in comparison to the leaves of milo is evidently due to the severe 
climatic conditions. The high evaporation of water from the leaves of 
corn and kafir exceeds the intake by the roots and as a consequence, the 
water content is lowered to such an extent as to interfere with the vital 
processes of the protoplasm. ‘The rise in temperature of the leaves due 
to the decreased transpiration may also be a factor in lowering the photo- 
synthetic power of these plants. 

The results indicate that under the conditions of these experiments, 
the sorghums and more particularly milo, can absorb water from the 
soil and transport it to the leaves more rapidly in proportion to the loss 
of water from the plant than can corn. As a result oi this ability the 
sorghums can produce more dry matter for each unit of leaf area under 
severe climatic conditions than can the corn plant. 

Further details are given in the Journal of Agricultural Research, 1917. 
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NOTE ON COMPLEMENTARY FRESNELLIAN FRINGES 
By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY 
Communicated May 9, 1917 


Measurement of Small Angles without Auxiliary Mirror.—This method 
makes use of the original apparatus heretofore described, but the two 
mirrors M and M’ or N and N’, figure 1, are rotated together as a rigid 
system around a vertical axis, at A for instance. In view of the absence 
of auxiliary reflection, the method will be but half as sensitive as the 
preceding one, so that the equation 


RAqw = AN cos’ 7 


is sufficient to approximately express the results. But on the other 
hand, if spectrum fringes are to be observed, there is greater abundance 
of light since the half silver film is penetrated but once by each compon- 
ent, ac or bd. When the achromatic fringes are used however the light 
is always superabundant and must be reduced in intensity. To try this 
method the mirrors NV and N’ were mounted on a good divided circle so 
as to rotate together on a rigid arm overasmallanglea. The achromatic 
fringes displaced in this way were restored by advancing the mirror M’ 
over the distance AN along the normal micrometer screw at m’. The 
following is an example of the results of corresponding values of AV 
and Aa, when the distance apart of the rays ac and bd was 2R = 7 cm. 


a =0.0° 0.1°..0.2°. 03° 04° (0.5° 06° 0.7% 0.8? Ore 
AN X10°=00 80 166 356: 349 42.7 50.7 61.7 705 7355 (80cm 


These results as a whole are much smoother than the earlier ones, 
for incidental reasons. From a graphic construction the mean rate 
AN /Aa = 0.088 cm/degree or 5.0 cm/radian may be obtained. Hence 
since 2R = 7 cm., (AN /Aa)2/R = 0.013 in terms of degrees or 0.72 in 
terms of radians. This result is roughly half that in the preceding 
paper, if incidental errors be disregarded. From the above equation 
since 7 = 45° nearly, 


PAE Ming | AS ey 2 en 
Aa 2 COSit lean 


agrees closely with the experimental result. 

Complementary Fringes—Attention was now given to the hyperbolic 
fringes of a fine slit and white light, observed in the telescope at T when 
the ocular is drawn outward or to the rear of its position for the principal 
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focus and the spectroscope is removed. They appear and widen with 
the washed image of the slit. They are quite strong and sharp through- 
out and gorgeously colored, the fields and shades figure 2 being nearly 
complementary in color. The spectrum fringes must be centered if the 
others are to occur. The former (fig. 3) are usually long ellipses or hy- 
perbolic with the major axis horizontal, while the corresponding new 
fringes (fig. 2) are hyperbolic with their major axis vertical. They are 
extremely sensitive to rotation of the micrometer mirror about a hori- 
zontal axis, rising or falling, but they soon vanish. When the microm- 
eter mirror M’ is rotated around a vertical axis, an operation which 
separates the white slit images in the telescope if originally coincident, 
the new fringes move bodily by displacement, from left to right, or the 


reverse, depending on the sign of the rotation, while they continually 
change their color scheme. When the design is thus displaced as a 
whole the individual fringes move as shown in figure 2. As a group the 
fringes closely resemble the lemniscates of a binaxial crystal in polar- 
ized light. The variation of the color scheme is probably the same 
since with homogeneous light (sodium) the design is in yellow and black. 
The pattern is not quite dichroic but appears so, red-green, blue-yellow 
combinations with intermediate violet-yellowish succeeding each other. 
In polarized light the figures are sharpened as a whole, but there is no 
discrimination. ‘The pattern gradually vanishes with a wide slit, where- 
upon the achromatic fringes may be seen when the ocular is restored to 
the principal focal plane. 


434 PHYSICS: C. BARUS 


If the white slit images in the telescope pass through each other (in 
consequence of the rotation of M’ about a vertical axis, as specified) 
the direction of fringes twice changes sign in rapid succession and this 
probably occurs when the white slit mmages are coincident. Barring 
this inversion, the march is regular and proportional to the rotation. 

With the displacement (AN) if the mirror M’ on the micrometer 
screw normal to its face, the fringes pass through a continuous succes- 
sion of color schemes, but soon vanish; for they coincide in adjustment 
with the centered spectrum fringes. Similarly if a pair of mirrors (/M’ 
or NN’ (fig. 1) ) rotates about a vertical axis as a rigid system, the same 
continuous change of color scheme and evanescence is apparent. 

These interferences differ, naturally, from the spectrum interferences; 
they also differ from the achromatic interferences, which are much finer 
fringes, partaking of the regular fringe pattern seen with biprisms. 
They are a separate phenomenon, quite sharp and definite, occurring 
under like conditions of adjustment, but under different conditions of 
observation (ocular out of focus and fine slit). In the principal focus 
the two sharp extremely bright slit images are alone present. They are 
absolutely identical in structure, however, and their spectra when super- 
posed would interfere symmetrically throughout their extent. Under 
these circumstances the rays intersecting in the white slit images also 
interfere before and behind the principal focal plane of the telescopic 
images specified, and this interference is not destroyed when the slit 
images are separated (rotation of opaque mirror M’ about vertical axis), 
or when the slit images are passed through each other. What is not at 
once seen however is the reason of the occurrence of large sharp definite 
hyperbolic forms instead of the usual Young or Fresnel fringes of two 
slits or slit images. 

On the Michelson interferometer these fringes (like the achromatic 
fringes) are extremely faint and can hardly be detected except by put- 
ting them in slow motion. The spectrum fringes are equally strong in 
all cases. It appears therefore that the two half silvers are favorable to 
evolving both the hyperblic and the achromatic set of fringes. The 
Michelson design is thus not useful here, nor for the measurement of 
smal] angles of rotation by the methods described, as the mirrors _——_ 
have to be rotated in opposite directions. 

Further work with the complementary fringes on different interfer- 
ometers of the Jamin type showed that to produce the hyperbolics, the 
fine slit images must coincide horizontally and vertically. They do not 
in this case probably coincide in the fore and aft direction; for the plates, 
etc., were not optically flat. When the slit images are separated at the 


a 
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same horizontal level into two fine parallel lines, the complementary 
fringes in fact become Fresnellian fringes, finer as the slit images are 
more separated and as the ocular is more rearward or forward. This is 
precisely what should occur. We may conclude therefore that the com- 
plementary fringes are Fesnellian interferences of two slit images and 
that the central hyperbolic forms are due to outstanding front and rear 
positions of the two slit images, which seem to coincide in the field of 
the telescope. Differentiated from these, the achromatic fringes are 
referable to the colors of thin plates. I have in fact since succeeded in 
obtaining the complementary fringes in the shape of broad straight gor- 
geously colored vertical bars, without suggestion of hyperbolic contour. 

An attempt was made to get quantitative estimates of the passage of 
fringes, on rotating the paired mirrors NN’ over an angle a. To control 
the small angles the device figure 4 was improvised and did good service. 
Here e is the tangent screw of a 6” divided circle. It is surrounded by 
a snug anulus of cork and holds the brass ring f, on whose surface a 


coarse screw thread has been cut. Near this and with its axis in parallel 
is a ¢ inch screw a and socket (not shown), controlled by the disc 6. A 
strong Jinen thread c is looped once around / in the grooves of the screw 
and once or twice around the grooves of a, the string being normal to 
the cylinders and kept taut by two small weights, g, about a half ounce 
and h, about an ounce. The head 6 may be turned either way and the 
angle read off in minutes on the head of the tangent screw e. 

The theoretical value apart from glass paths and other corrections 
should be, per fringe vanishing 


2RAa = Xd 
where .R is the radius of rotation corresponding to the angle Aa and A 


the mean wave length of light. In the given adjustment 2R = 10cm. 
was the normal distance apart of the two interfering beams. Hence 


ay 
Aa = Oe eo US IT = 6x 107° radians or 1.2”, 
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per vanishing fringe. As the change of glass path of one beam would 
have to be deducted from 2R, a somewhat larger value would be antici- 
pated. Testing the complementary fringes (white light) the passage of 
about 25 fringes completed the phenomenon after which it paled to white- 
ness. These 25 fringes passed within Aa = 0.75’, or per fringe about 
0.03’ or 1.8” of arc. Of course this is merely an estimate from the small 
angles of turn involved. 

The complementary fringes with sodium light are available indefi- 
nitely. I counted about 100 fringes for an angle of 2.7’, ie., 1.6” per 
fringe. 

Finally using the spectrum fringes of the spectroscope, about 120 
fringes were counted within 3’, i.e., 1.5” per fringe. All of these values 
are larger than the computed value \/2R without correction, but in view 
of the large number of fringes within exceedingly small angle Aa, sharp 
agreement is not to be expected. 

[This note is from a Report to the Carnegie Institution of Washing- 
ton, now in preparation. | 


THE DISPLACEMENT INTERFEROMETRY OF LONG 
DISTANCES 


By Carl Barus 


DEPARTMENT OF;PHYSICS, BROWN UNIVERSITY 
Communicated,’ May 22, 1917 


1. Small Angles——In my preceding notes I suggested two methods 
for the measurement of small angles. The first used an auxiliary mirror 
and apart from corrections the angle Aa over which the auxiliary mirror 


turns is 
Aa = ANcosi/2R (1) 


where AW is the displacement of one of the plane mirrors parallel to 
itself necessary to restore the achromatic fringes to their former posi- 
tion in the field of the telescope, 7 the angle of incidence (conveniently 
45°), 2R the normal distance apart of the (parallel) interfering pencils 
in the fore and aft direction of the incident beam. In the second method 
the auxiliary mirror is dispensed with and the rotation of a rigid system 
of paired mirrors is used. The sensitiveness is half the preceding. 

2. Distances—Suppose now that the paired mirrors near the tele- 
scope confront but a part of the area of the objective and that the tele- 
scope can therefore look over the mirrors directly into the region be- 
yond. (A series of small mirrors or reflecting prisms may be employed 
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to the same purpose; or the mirrors may both be half silvered and trans- 
parent.) The telescope now contains two images, the first due to rays 
(K) entering it directly, the second due to rays (L) reflected into it by 
the mirrors of the interferometer. Suppose the object seen lies at in- 
finity like a star, that its two images are made to coincide by adjusting 
the angle a, and that the achromatic fringes have been brought into the 
field by adjusting the micrometer displacement NV. 

Now let the angle a be changed by Aa until the two images of an ob- 
ject M, at a measurable distance d, coincide. Displace the micrometer 
mirror by AN until the achromatic fringes are restored to their former 
position. Let 6 be the effective distance apart of the paired mirrors 
in the direction right and left to the observer or transverse to the im- 
pinging rays (Z) and finally s the angle at the apex of the triangle of 
sight on the base 0; i.e. the small angle between the present rays KL. 
Then 

d=bcosg s=bcosg 2Aa = b/2Aq (2) 


(nearly) by the laws of reflection. Hence from equation (1) 
d = bR/AN cosi (3) 


Here 20R is the area of the ray parallelogram of the interferometer. Us- 
ing the constants of my apparatus, let = 45°, R = 10 cm., b = 200cm., 
AN = 10-*cm., the latter being the smallest division on the micrometer. 
Hence 


= 200 x 10/10-* x 0.71 = 2.8 K 107 cm. = 280 kilometers. 


or about 170 miles is the limit of measurement of the apparatus. 
3. Performance.—Again from equation (3) the sensitiveness 6(AN) /éd, 
since 
éd = (d? cos 7/0R)5(AN) (4) 


is inversely proportional to the square of the long distance d and the 
area of the ray parallelogram 20R. Thus with the above constants, if 
dis 2 kilometers, 6(AN) = 10-* cm., then 


éd = (2 X 10°)? x 0.71 X 10-*/200 x 10 = 14 X 102 cm. = 14 meters. 


Thus an object at about a mile should be located to about 30 feet. Per 
fringes of mean wave length \, moreover, 6d = dd?/2bR, the placement 
should be about 6 meters at 2 kilometers. I have stated the case, of course, 
merely for the interferometer, not for subsidiary optical appurtenances. 
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NATIONAL RESEARCH COUNCIL 


MEETINGS OF THE EXECUTIVE COUNCIL 


The tenth meeting of the Executive Committee was held at the offices of 
the Council on January 25, 1917. Messrs Carty, Chittenden, Conklin, Dunn, 
Pupin, Vaughan, Welch, and the Secretary were present. 

The Secretary presented Dr. Holmes’ report, dated January 16th, on the 
composition of the Committee on Anthropology. It was understood that this 
committee will be formed in codperation with the American Association for 
the Advancement of Science, as has been done with other science committees. 

The Secretary presented the following resolution of the National Advisory 
Committee for Aeronautics, accepting designation by the National Research 
Council as the Aeronautical Committee of the Research Council: 


RESOLVED: That the invitation of the National Research Council that the members of 
the National Advisory Committee for Aeronautics act as the Committee on Aeronautics of 
the National Research Council be accepted on appointment of its members by the National 
Research Council as such committee. 


The Executive Committee adopted the following resolutions: 


RESOLVED: That the National Research Council acknowledges the acceptance by the 
National Advisory Committee for Aeronautics of the invitation of the National Research 
Council to serve as its ‘Aeronautics Committee’? and hereby appoints Dr. Charles D. 
Walcott, Chairman, and Dr. Joseph S. Ames, Prof. Chas. F. Marvin, Prof. M. I. Pupin, Brig. 
Gen. Geo. O. Squier, and Dr. S. W. Stratton, members of the Aeronautics Committee of the 
National Research Council. 

RESOLVED: That the Executive Committee of the National Research Council cordially 
thanks the National Advisory Committee for Aeronautics for its generous action in placing 
its services at the disposal of the National Research Council in this matter. 


Dr. Vaughan then presented the matter of the Medicine and the Hygiene 
Committees, urging that these two committees be merged. After consider- 
able discussion, it was agreed that the former action of the Executive Commit- 
tee creating separate committees for medicine and for hygiene be reconsid- 
ered, and that one committee, to be designated the Medicine and Hygiene 
Committee, be appointed. Dr. Vaughan then presented a list of names for 
this committee; explaining the need of a large committee by the fact that the 
many different aspects of medicine and hygiene must be considered. 

The Executive Committee approved the appointment of the persons listed 
and authorized the organization of the committee. 


The eleventh meeting of the Executive Committee was held on February 
7, 1917. Messrs. Carty, Dunn, Pupin, and the Secretary were present; also 
Dr. Bogert by invitation. 

The meeting was devoted principally to the discussion of the appointment of 
a committee of submarine detection, recommended in a telegram received from 
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the Chairman of the Council. It was voted to call a joint meeting of the 
Executive Committee and the Military Committee in Washington on Febru- 
ary 17 to act upon this question. 

The general policy of the Research Council in regard to the giving out of 
information was discussed; and it was voted that the chairmen of all com- 
mittees be requested not to give out any statements, written or oral, regarding 
matters of public policy or interest, save through the intermediary of the office 
of the Council. 

Dr. Bogert gave an informal account of some of the work of the Chemistry 
Committee. He recommended the appointment of older, retired chemists as 
advisory members of the committee. He also reported the appointment of 
Wilder D. Bancroft, of Cornell University, as Chairman of the Sub-Com- 
mittee on Electro-chemistry. All of Dr. Bogert’s recommendations were 
agreed to by the Committee. 


The twelfth meeting of the Executive Committee, consisting in a joint ses- 
sion with the Military Committee of the National Research Council, was held 
on February 17, 1917, at the Smithsonian Institution, Washington. Messrs. 
Carty, Chittenden, Conklin, Dunn, Millikan, Pearl, Pupin, Stratton, Vaughan, 
Walcott, and Welch, and the Secretary of the Executive Committee, and 
General Gorgas, General Squier, Admiral Taylor, and Admiral Griffin of the 
Military Committee, were present; also, by invitation, Dr. Bogert, Chairman 
of the Chemistry Committee. 

Dr. Stratton, speaking as Secretary of the Military Committee, told of two 
important problems that are already under way, which had originated with 
this committee. The first is the disposition of the opium confiscated by the 
Government; the second, the preparation of a specification for a good blanket. 
The Military Committee was of the opinion that the Government should use 
confiscated opium, turning it into harmlesssalt rather than to destroy it. Ac- 
tion to this end has been taken. Conferences regarding the matter of bla ket 
specifications are under way. 

The procedure to be followed by the Military Committee was discussed; 
and the Executive Committee agreed that the Military Committee shall 
correspond with the chairmen of the various other committees of the Council 
which may be concerned in the problems originating with the Military 
Committee. 

It was voted to recommend to the President of the National Academy of 
Sciences that Admiral Ralph Earle, Chief of the Bureau of Ordnance of the 
Navy Department, and Mr. Herbert C. Hoover be made members of the Re- 
search Council. The former thereby becomes a member of the Military 
Committee. 

The Secretary reported that Eliakim H. Moore had been made a member 
of the Council and Chairman of the Mathematics Committee. 

It was voted that an Engineering Committee be authorized and that the 
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personnel be determined by conference between members of the Executive 
Committee and the presidents of the national engineeing societies, in order 
that the full codperation of the engineers of the country might be secured. 

It was voted that a Committee on Anatomy be authorized and that Dr. 
Hale be requested to nominate its chairman. 

At this point the meeting adjourned, and the members assembled at a 
luncheon kindly provided by Dr. and Mrs. Walcott. Members of the Council 
of National Defense and its Advisory Commission, namely, Messrs. Godfrey, 
Coffin, and Gifford, joined the members of the Council at luncheon. 

The members reassembled thereafter in conference with the members of the 
Council of National Defense; and, after an explanation by Dr. Carty of the 
formation and scope of the work of the National Research Council, the rela- 
tions of the two bodies were discussed. 


The thirteenth meeting of the Executive Committee was held on February 
26, 1917. Messrs. Carty, Dunn, Pupin, and the Secretary were present. 

The particular object of the meeting was to consider a resolution to be 
forwarded to the Council of National Defense, defining the form of relations 
that the National Research Council desires to hold with the Council of National 
Defense. After full discussion, the following resolution was adopted: 


RESOLVED: That the National Research Council, established at the request of the Presi- 
dent of the United States for the organization and promotion of scientific research in the in- 
terest of national defense and national welfare, is of the opinion that its services to the 
National Government in its codperation with the Council of National Defense will be most 
effective if acting directly with the Council of National Defense through its Director. 


The Secretary was instructed to transmit this to the Director of the Council 
of National Defense as an expression of the attitude of the Research Council. 


The fourteenth meeting of the Executive Committee of the National 
Research Council was held on March 7, 1917. Messrs. Carty, Chittenden, 
Conklin, Dunn, Stratton, and the Secretary were present. 

The Secretary announced the completion of the Committees on Astronomy, 
Agriculture, Physiology, Geology; and stated that the Committees on Botany, 
Zoology, and Anthropology have not yet been completed. He reported Dr. 
Hale’s recommendation that a Committee on Anatomy be authorized. 

Messrs. John C. Merriam and Charles R. Cross were appointed members 
of the Census Committee. 

The Secretary reported that Carl L. Alsberg and Alonzo E. Taylor have 
been appointed members of the National Research Council by the President 
of the National Academy of Sciences. 

The Secretary read the offer of the faculty of Sloane Laboratory of Yale 
University of its services and facilities, to the National Research Council 
for research work for national defense. Dr. Stratton presented letters with 
similar offers from the American Society of Mechanical Engineers, the General 
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Electric Company, and the Jefferson Physical Laboratory of Harvard Uni- 
versity. These offers all placed at the disposal of the Research Council 
valuable facilities for conducting research. The Executive Committee in- 
structed the Secretary to prepare and transmit a resolution, expressing appreci- 
ation of these offers; and to inform the Council of National Defense that the 
National Research Council holds these facilities at its disposal. 

The Secretary presented Dr. W. M. Davis’s report on the work of the 
Geography Committee. It was received, and the Secretary was instructed 
to inform Dr. Davis that the Executive Committee approves the proposed 
plan. 

The Secretary presented the report of Dr. J. M. Clarke, Chairman of the 
Geology Committee, requesting the Executive Committee to approve his ac- 
tion in taking steps to better the instruction in geology in the engineering 
schools and colleges of the country. The Executive Committee voted to 
endorse Dr. Clarke’s action. Reports were also presented from Prof. E. C. 
Pickering, Chairman of the Committee on Astronomy, and Dr. V. C. Vaughan, 
Chairman of the Committee on Medicine. It was voted that an Engineering 
Committee be authorized, to consist of the following members of the National 
Research Council, with whom others may be joined from time to time by 
the Executive Committee: Gano Dunn (Chairman), J. A. Brashear, J. J. 
Carty, W. F. M. Goss, Clemens Herschel, C. F. Rand, C. E. Skinner, S. W. 
Stratton, Ambrose Swasey, and Elihu Thomson. 

It was voted to appoint a new Nitrate Supply Committee to consist of the 
Chiefs of the Departments of Ordnance of the Army and of the Navy, repre- 
entatives of the Department of Agriculture, the Bureau of Mines, and Bureau 
of Standards, and Messrs. Leo H. Baekeland, Gano Dunn, C. H. Herty, A. A. 
Noyes, and W. R. Whitney, members of the former Nitrate Supply Com- 
mittee. (This committee was subsequently replaced by a similarly consti- 
tuted one appointed officially by the Secretary of War.) 

The Secretary reported that in response to the resolution adopted by the 
National Research Council, a resolution was adopted by the Council of 
National Defense on the 28th of February as follows: 


RESOLVED: That the Council of National Defense, recognizing that the National Re- 
search Council, at the request of the President of the United States, has organized the scien- 
tific forces of the country in the interest of national defense and national welfare, requests 
that the National Research Council codperate with it in matters pertaining to scientific re- 
search for national defense, and, to this end, the Council of National Defense suggests that. 
the National Research Council appoint a committee of not more than three, at least one of 
whom shall be located in Washington, for the purpose of maintaining active relations with 
the Director of the Council of National Defense. 


The Secretary reported the appointment of a Sub-Committee on Smokeless 
Powder by the Military Committee. This Sub-Committee is composed of 
Admiral Griffin, Admiral Earle, Messrs. C. D. Walcott, Comey, and Harry T. 


Brown. 
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The fifteenth meeting was held in New York on March 22, 1917. Messrs. 
Carty, Conklin, Dunn, Hale, and the Secretary were present; also upon invi- 
tation Drs. M. T. Bogert and J. M. Clarke. 

It was voted to ask Dr. Charles H. Herty to become a member of the Pub- 
licity Committee and to take especial charge of chemical publicity in accord- 
ance with the general publicity policy of the Publicity Committee of the 
Council. 

Dr. Hale spoke of the urgent need of acting in accordance with the resolu- 
tion of the Council of National Defense, by appointing a committee of three 
to work with the Council of National Defense in Washington, of which one 
member, as requested by the Council of National Defense, shall be in Wash- 
ington permanently, with headquarters in close connection with the Council 
of National Defense. After full discussion of the matter it was voted that a 
committee of three be appointed to codperate with the Council of National 
Defense, in accordance with the resolution of that Council, to consist of Dr. 
C. D. Walcott, Dr. S. W. Stratton, and Dr. R. A. Millikan; that an office be 
secured in Washington in the Munsey Building as headquarters of the Re- 
search Council, and that Dr. Millikan be asked to take charge of it. | 

Dr. Hale stated that Mr. Tod Ford of Los Angeles is willing to come to 
Washington and give all his time to the work of the Research Council. It was 
voted that Mr. Ford be employed as Assistant Secretary in the office of the 
Research Council in Washington. 

Dr. Hale proposed the formation of a volunteer corps of scientific observers 
to go to Europe to study the development of scientific research in the prob- 
lems of the war. After discussion it was voted that Dr. Hale be authorized 
to appoint such persons as he elects to proceed to Europe to study the condi- 
tions there brought about by the war, and to take such other steps as he deems 
advisable to further this general purpose. 

Dr. Clarke, Chairman of the Geology Committee, then reported briefly 
upon the work of his committee. He asked the approval of two sub-commit- 
tees, one on Camp Sites, another on the Location of Distant Artillery by Seis- 
mological Measurements. He was authorized to appoint them, with Dr. 
Penrose as Chairman of the Sub-committee on Camp Sites, and Dr. Wood- 
worth of that of Seismological Measurements. 

Dr. Hale then offered his resignation as Chairman of the Committee on 
Research in Educational Institutions, and suggested that Dr. R. H. Chitten- 
den be asked to accept the Chairmanship in his stead. The committee ac- 
cepted with regret Dr. Hale’s resignation and approved the appointment of 
Dr. Chittenden. 

In view of the proffered assistance of the American Institute of Consulting 
Engineers, it was voted that the President of the American Institute of Con- 
sulting Engineers be asked to suggest one of its members to be appointed a 
member of the National Research Council. 

Cary T. Hutcuinson, Secretary. 
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JOINT MEETING OF THE EXECUTIVE, MILITARY, AND ENGINEERING 
COMMITTEES 


This meeting was held in Washington, on May 3, 1917, at 10 a.m. 

There were present: Messrs. John A. Brashear, John J. Carty, Russell H. 
Chittenden, Gano Dunn, William F. Durand, John R. Freeman, Hollis God- 
frey, William C. Gorgas, Robert S. Griffin, George E. Hale, Frank B. Jewett, 
Van H. Manning, Edgar Marburg, Charles F. Marvin, C. E. Mendenhall, 
Robert A. Millikan, F. H. Newell, Arthur A. Noyes, Michael I. Pupin, Albert. 
Sauveur, Clayton H. Sharp, C. E. Skinner, George O. Smith, George O. Squier, 
Lewis B. Stillwell, S. W. Stratton, Ambrose Swasey, David W. Taylor, Chas. 
D. Young, Charles D. Walcott, and Pope Yeatman. Dr. C. D. Walcott 
presided. 

The meeting was devoted to an extended discussion of the functions to 
be fulfilled and the work to be undertaken by the Engineering Committee. 


FIRST MEETING OF THE ENGINEERING COMMITTEE 


This meeting was held in Washington, on May 3, 1917, at 2.10 p.m. 

Present: Messrs. Gano Dunn (Chairman), John A. Brashear, John J. Carty, 
William F. Durand, John R. Freeman, Hollis Godfrey, Frank B. Jewett, 
Edgar Marburg, F. H. Newell, Michael I. Pupon, Albert Sauveur, Clayton H. 
Sharp, C. E. Skinner, Lewis B. Stillwell, George F. Swain, Ambrose Swasey, 
Pope Yeatman, and Charles D. Young, members of the Committee; also G. 
E. Hale, A. A. Noyes, and R. E. Millikan of the Council. 

The chairman introduced the question of the organization of the Engineer- 
ing Committee. Mr. J. R. Freeman moved that one man be appointed to 
act as director of the work of the Engineering Committee, who should live in 
Washington. This motion was carried. 

Mr. Swain moved that W. F. Durand be the Washington head of the En- 
gineering Committee, to be known as Vice-Chairman of the Committee, with 
Gano Dunn remaining as Chairman. This motion was carried, and Mr. 
Durand accepted the appointment. 

It was voted that the Secretary of the National Research Council be ap- 
pointed Secretary of the Engineering Committee. 

The matter of rules and procedure of the Engineering Committee was then 
brought up, and it was voted that a Committee on Procedure be appointed, 
with power to adopt rules. The Chairman appointed Messrs. Durand, 
Young, and Stillwell to be such a committee. 

A discussion of various phases of the work of the Committee, participated 
in by many of the members present, took place. 

Cary T. Hurcuinson, Secretary. 
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REPORT OF THE ASTRONOMY COMMITTEE 


The present report relates only to the scientific needs of Astronomy. Its 
applications to the possible services that astonomers can render in the war, as 
a part of the work done by the National Research Council in connection with 
the Council of National Defense, will be made the subject of a separate study. 

The report of the Committee on Astronomy of the Committee of One Hun- 
dred (Science, 45, 135) gives the views of a majority of the members of the 
present Astronomy Committee. It shows the uses that could be made at 
once of a fund for astronomical research. ‘They need not all be repeated here, 
but two are of such importance and general application that attention may be 
called to them. 

First, aiding existing southern observatories, or establishing new observing 
stations to render our knowledge of the southern stars comparable with that 
of the northern stars. As the resources of northern observatories are far 
greater than of those south of the Equator, much might be accomplished by 
taking photographs of the southern stars, and sending them north for meas- 
urement, reduction, and perhaps discussion. 

Secondly, securing the aid of very large reflectors, both north and south, 
for the extension of nearly every research to very faint stars. This is especially 
the case in clusters, or other objects, where photographs with short exposures 
would furnish material for prolonged study. Experts all over the world might 
thus be provided with material of the greatest value, while the owners of the 
telescopes would have the satisfaction of having their photographs discussed 
by those best qualified to do so. The continuation of the investigation with 
large reflectors of the radiation of stars and planets is regarded by many as of 
paramount importance. 

Letters are published in Science, 41, 82, giving the needs of twelve leading 
American astronomers. In almost every case, the demand was for more as- 
sistants to aid in extensive routine observations. A relatively very large in- 
crease of output could thus be secured. Six of these astronomers are members 
of the present Committee. 

The publication each year of a brief statement of the work done by every 
American observatory engaged in research, as is now done by European 
observatories, would aid greatly in forming plans for codperation. 

Examples are given below of large routine investigations needed at the 
present time. Several of them, such as 2, 4, 8, 17, and 20, are already making 
excellent progress, according to a definite system. In many cases, plans could 
best be carried out by small committees of experts. The American Astro- 
nomical Society, which, with few exceptions, includes among its members all 
the leading astronomers of the country, has already appointed several such 
committees. 
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For statistical purposes, it is very desirable to include all stars brighter than 
a given magnitude. This limit is often that for which the desired observa- 
tions can be obtained. If not, stars of special interest should be included, 
and in some cases a fixed number of stars of each fainter magnitude. Prefer- 
ence should here be given to the standard regions adopted at Groningen and 
Harvard. 

1. The absolute positions of the stars from observations of the Sun, Mercury, 
and Venus. These objects are difficult to observe visually, and a trial of pho- 
tographic methods, either by direct measurement, or by a photographic transit 
circle, is suggested. 

2. Positions of all stars of the ninth magnitude, and brighter, with photo- 
graphic doublets. 

3. Precise positions of standard stars, generally of about the ninth magni- 
tude, needed for the reduction of No. 2. Each star should be observed with 
transit micrometers, attached to first class meridian circles, on at least three 
nights at two observatories, if feasible. The aid of national observatories 
should be secured in this work, since they are best qualified to undertake it. 
These stars should be selected whenever possible from the list of intermediary 
stars of the Comité International Permanent. Nos. 2 and 3 should be car- 
ried on simultaneously. 

4. Proper motions of all stars of the magnitude 7.5, or brighter. 

5. Proper motions of stars in spiral, and other, nebulae. 

6. Restoration of the stations for determining variations in latitude both 
visually and photographically. 

7. Sufficient measures of all known double stars to determine the relative 
positions of the components, and if they have perceptible motions to furnish 
adequate material for an orbit. In the first case, these observations should 
be made with three telescopes, with a computed probable error not exceeding 
+()”.05. These observations should be repeated every ten years, or, in the 
case of known b naries of short period, more frequently. For many stars, the 
material needed already exists. 

8. Parallaxes of all stars of the sixth magnitude, and brighter, and of a 
selected list including variables, stars having large proper motion or parallax, 
binaries, nebulae, etc. The same stars should be observed with several tele- 
scopes to eliminate systematic errors, as far as possible. Some clusters, and 
stars of Class B, whose parallaxes are presumably small, should therefore be 
included. 

9. Precise positions by modern methods, photography and transit microm- 
eter, of the Moon and major planets. 

10. Orbits and ephemerides of asteroids and comets so far as this is not 
provided for by the Rechen-Institut. The loss of a faint asteroid may some- 
times be avoided by promptly computing a circular orbit for it. 

11. Spectra of special stars too faint to be classified on existing photographs. 
They can probably be obtained by a focal plane spectroscope, or objective 
prism, attached to a large reflector. 
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12. Peculiarities of spectra, including the relative intensities of lines, es- 
pecially of those of wave lengths 4216, 4455, etc. Study of lines of great and 
small wave-lengths. Intensity of light of different wave-lengths. 

13. Radial velocities of stars, including all of magnitude 6.0, and brighter, 
with a computed probable error not exceeding 3 km. Radial velocities of a 
selected list of stars like those in No. 8. 

14. Radial velocities of spectroscopic binaries. Minimum number of good 
determinations forty, with at least one in each twenty-fourth of the period. 

15. Photographic and photovisual magnitudes of a Durchmusterung of all 
stars of the ninth magnitude, and brighter, on the international scale. It may 
be best to begin with 40,000 stars, one in each square degree of about the 
ninth magnitude, or with the standard stars of No. 3. 

16. Photographic and photovisual magnitudes of selected lists of faint 
Stars. 

17. Photometric, photographic, or visual determinations of the brightness 
of all variables of long period, or irregular, having a range of four magnitudes, 
or more, or three magnitudes when of the ninth magnitude, or brighter, at 
maximum. 

18. Light curve of all variables of short period. For the bright stars the 
photoelectric cell should be used. Dividing the period into twenty-four equal 
parts, a point on the curve should be determined in each of these parts with a 
probable error not exceeding +0.02 magn. Observations should be made 
every five years, at phases when the light is changing most rapidly, to deter- 
mine the variations in the period. In the case of globular clusters and the 
Magellanic Clouds, photographs with large reflectors are much to be desired 
to extend the work to the fainter stars. 

19. Measures like those of No. 18 of all Algol variables. In addition, at 
least twenty points should be determined at nearly equal intervals during the 
primary, and secondary minimum, if any exists. 

20. A catalogue of all stars of the magnitude 6.5, and brighter, giving for 
each the approximate position, proper motion, radial velocity, parallax, mag- 
nitude, spectrum, color index, etc. The type to be kept standing and a new 
edition issued every three years, giving corrected values computed by experts 
who should maintain a bibliography accessible to all investigators. 

Epwarp C. PICKERING, Chairman, 
W. W. CAMPBELL, GEORGE E. HALE, 
GEORGE C. Comstock, HerENnry N. RUSSELL, 
W. S. EICHELBERGER, FRANK SCHLESINGER, 
EpwIn B. FRost, JoEL STEBBINS. 
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THE CAYLEYAN CURVE OF THE QUARTIC 
By Teresa Cohen 


JOHNS HOPKINS UNIVERSITY 
Communicated by E. H. Moore, May 5, 1917 


The quartic curve (ax)! = 0 determines a correspondence 
(ax)? (ay) ai = 1) Bi) lees, 


in which x is a point on the Hessian curve and ya point of the Steinerian. 
The locus of lines & joining corresponding points x, y is the Cayleyan, 
known to be of degree 18 in é and 12 in the coefficients of the quartic. 

The Cayleyan can be expressed in terms of the two contravariants of 
the quartic, (s£)4 [= 4|ag¢|*] and (¢£)* [= 4|6yé|?|yaé|?|a8¢|2], and of terms 
produced by operating with the polars of these on (ax)4. The working 
out of this depends on a special reference triangle which is always valid 
for the general quartic. Suppose 


(ax)* = axot + 4ax 3x1 + 4aoxeixe + Ox 2a? + 1Qaxprxx, + Ogx 2x2? 
+ Aboxoxy® + 12mxpx2x, + 12x 9x1H—.? + 4c ox 9x.3 
+ burt + Abox x, + Ofay2x.? + Aci x? + Cxe24. 


Since x and y as given above can never coincide for the general quartic, 
because 
(ax)3a; = 0, i= OAD. 


is the condition that (ax)* have a double point, let x, the point of the 
Hessian, be the reference point (0, 1, 0) and let y, the point of the Stein- 
erian, be (0,0, 1), so that x) = 0 is a line of the Cayleyan. Then 


avroa, = 0, i Ol 2. 
or m= be = i — 0) 
This reference scheme is maintained throughout, though more highly 


specialized as occasion demands. Under it the Hessian becomes 
447 
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2n(bh — bo?)x1®x%o + 2c,(bh — bo2)x15x%. + lower powers of x; 

(s&)4 = bck! — Acbokee, + 4(— deo + doci)Ev— + ...... 

(4&)8 = ie UGE Gaal 2(— ben + beot, + 2bocr?) Eee: + Gheweee Rea Se 

In the first place, the Cayleyan is known to be on the stationary lines 
of the quartic, which are the common lines of (sé)4 and (#€)& There- 
fore the Cayleyan must Be made up of terms containing either (sé)4 
or (#)® at least once. 

Now let us see what are the common lines of the Cayleyan and (sé)4. 
To make %o a line of the latter requires that bc = 0. If 6 = 0, then x 
is a stationary line of the quartic. Ifc = 0, then not only is x a line 
of (sé)*, but its contact with it is (0, 0,1), the point of the Steinerian, 
which has also become a point of the quartic. ‘Therefore quartic, Stein- 
erian, and (sé)4 all meet in a point. The Steinerian, a curve of order 
12, meets the quartic in 48 points; the 48 corresponding lines together 
with the 24 stationary lines make up the 72 common lines of the Cay- 
leyan and (sé)*. The condition that the polar point of (sé)4 lie on (ax)4 
is the vanishing of (s£)3(sa) (s’£)3(s’a) (s’’E)3(s’’@) (s’"E)3(s’"ax) ; this, when 
multiplied by (¢é)*, is of proper degree for a term of the Cayleyan. It 
is, then, the only term of the Cayleyan not containing (sé)‘. 

It is now in order to ask for the common lines of the Cayleyan and 
(té)®. For x9 to be a line of the latter requires that bc = 0. Again 
setting aside the stationary lines, we have c, = 0. ‘Then it is seen that 
xo has as its contact with (¢£)® the point (0, 1, 0); furthermore, it is tan- 
gent to the Hessian at the same point. Therefore there are a certain 
number of lines of the Cayleyan which are also lines of both the Hessian 
and (#£)®, these two curves having contact on these lines. For the terms 
of the Cayleyan not containing (¢£)* it is sufficient to use 


d(sé)*.(s’E)9(s’ax) (s’"E)8(s””ex) (s'”"E)3(8"”"c) (48) 5(ter) 
+ (sé)*(8")* [o(s’"E)8(s""ax) (s'""E)9(8""ax) (6) 4(Fer)? 
+ 7(s7E)8(s a) (s'"E)?(s' x)? (HE) SE) | 

+ (sE)8(s’E)4(8"E)4 [(s'”"E)2(s’"e) (4) 8dr)? + u(s!"E)9(8'""x) (46)3(tex)*] 

ty (s&)4(s"E)4(8'7E)4(9°"E) 4. (4E)? ba), 
where i, o, Tr, ¢, wu, v are undetermined coefficients. By requiring the 
highest power of & to vanish when c,; = 0 certain relations on these 
coefficients are obtained, not enough to solve, however. To the terms 
given above it is necessary to add terms containing (¢£)®; 


p(te)® . (sE)8(sex) (s’E)8(s"ax) (S'"E)8(s"ax) (8'"E)8(S'" ax) 
+ e(sé)*(s'E)*(9'E)4(48)® . (87x) 


will be found sufficient. 


MATHEMATICS: T. COHEN 449 


There are certain other lines known to be lines of the Cayleyan. 
There are 21 points whose polar cubics as to the quartic break up into 
a conic and a line, which is a fourfold line of the Cayleyan. Let one of 
the 21 points be (1,0, 0); then for the polar cubic to contain x» as a 
factor requires that b) = co = » = 0. Now, using this condition, re- 
quire that the highest power of £ in the expression for the Cayleyan 
vanish. The result will be certain conditions on the undetermined 
coefficients, but still not enough to solve. 

Instead of putting the Cayleyan again on these lines it is easier to 
proceed at once to the general reference scheme which has been the 
basis of all the work, when only m = b, = f = 0, and require that the 
highest coefficient of ) vanish. This at once completes the work and 
furnishes proof of its correctness. The Cayleyan is obtained as 


33 (sé)* . (s’E)3(s’cx) (s'E)3(sex) (S'"E)3(s”"cx) (LE) ®(tex) 
— % (#&)® . (sé)8(sa) (s’E)3(s’ax) (s’’E)8(s’”ex) (s’””E)8(s’”"a) 
+ (sé)4(s’)4 [15 (5’"E)3(s’’ex) (s/”"E)3( scx) (t€)4(4E)? 
— 57(s’’E)3(s/cx) (8'"E)?(8'"x)? (tE) (ter) | 
+ (s)4(s’£)4(8”8)4 [2 (9/”E)2K 5x) (48) (tex)? — 10(5’””E)3(s””"x) (4) 4(ta) 3] 
+ $3 (sé)4(s’E)4(s’”E)4(t8)® . (sex) 
— § (sé)4(s’E)4(s’’E)8(s’”"E)* . (4E)?(tax) 4. 


Since, however, this expression has been obtained by causing a coeffi- 
cient to vanish, there is the possibility that it gives merely a syzygy 
and vanishes identically. ‘Therefore it was tested on the special quartic 
ot + 414 + x21, where the Cayleyan is known to be £&)7£,2,?, and found 
not to vanish. 

The stationary lines of the quartic are known to be lines of the Steiner- 
ian. From the above form of the Cayleyan it can be shown that the 
contacts of these lines are the same for the Cayleyan as for the Steiner- 
ian, so that the two curves touch. We had also certain common lines 
of the Cayleyan and Hessian, which were likewise lines of (¢€)*. These 
lines can be shown to have the same contact as to the three curves. 
The Cayleyan and (t£)® have 108 common lines, 24 of which are absorbed 
by the flexes, leaving 84 to be accounted for here. Because of the con- 
tact of the curves each line counts for two common lines; therefore the 
Cayleyan, Hessian, and (¢é)® touch in 42 points. 

Certain interesting facts come up under the reference scheme here 
employed. The polar conic of (0, 1, 0) is 


hx? + 2boxox1 + bx? = 0, 
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two lines, which coincide if 
bh aT bo? = 


But this requires the Hessian to have a double point; therefore the gen- 
eral quartic cannot have a polar conic made up of two coincident lines. 
Also the polar cubic of (0, 0, 1) is 


Ate + 3lxorx + Bex. + OnxXoXIX, + 3CoXox-? + 3c1x_? + cx3 = 0. 


This can have a cusp only if 
ol — n? = 0. 


This has clearly nothing to do with 6 = 0, the condition that xo be a 
stationary line of the quartic. ‘Therefore the cusps of the Steinerian do 
not lie on the stationary lines, as might be expected from their number 
—twenty-four. m = 0 is the condition that x, = 0 be the tangent to 
the Hessian; then the cusp cannot be obtained by making c, = 0, for 
then the Hessian has a double point. Putting / = 0 shows that the 
cusp tangent is also the tangent to the Hessian. Use of m = 0 also shows 
that the polar points of lines of the Cayleyan as to (#£)® lie on the corre- 
sponding tangents to the Hessian. 


A SEARCH FOR AN EINSTEIN RELATIVITY-GRAVITATIONAL 
EFFECT IN THE SUN 


By Charles E. St. John 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, June 5, 1917 


From the equivalence principle of generalized relativity Einstein! 
concludes that the propagation of light is influenced by gravitation, and 
deduces two important consequences that can be subjected to the test 
of observation; namely, a train of light waves passing close to the edge 
of the sun is refracted so that the angular distance of a star appearing 
near the sun is increased by 1”.75, and the Fraunhofer lines are displaced 
to the red in the solar spectrum by an amount equivalent to a velocity 
of recession of 0.634 km/sec. The amount depends only on the dif- 
ference in gravitational potential between the gravitation field in which 
the radiation originates and the field where it is received. In the case 
of massive stars with density comparable to that of the sun the line 
displacement may be large, equivalent to 0.634 km/sec. M 7/5 d 3, where 
M and d are in terms of the sun’s mass and density.2 Confirmation of 
either of these consequences would have not only an important bearing 
upon the establishment of the relativity principle but also upon the in- 
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terpretation of astrophysical data. The problem of determining stellar 
motions in the line of sight, a matter of fundamental importance, would 
be confronted with difficulties of a high order, depending as it does upon 
line displacement in stellar, relative to terrestrial spectra. Our knowl- 
edge of the motions, pressure, and many other phenomena in the solar 
atmosphere must be obtained from line displacements in the spectrum, 
but here it would be possible to apply definite corrections, this would 
in many cases, however, modify our interpretations. 

The question of confirmation may be approached through direct ob- 
servation of the displacement of a star near the sun® but the conditions 
of observation are beset with great difficulties, statistical study of stellar 
masses and motions?‘ or the determination of displacements of solar lines’ 
under conditions that eliminate other possible causes. 

Some results of an investigation bearing upon the relativity displace- 
ment of lines in the sun’s spectrum are here communicated, a full ac- 
count will appear later in a Contribution from the Mount Wilson Solar 
Observatory. 

The substance of the investigation is the behavior of lines in the nitro- 
gen (cyanogen) bands, \ 3883, at the center and at the limb of the sun, 
these lines owing to their freedom from pressure shift are in so far well 
- fitted for such an investigation, but their compound character in the most 
important series and the frequent superposition of the lines of different 
series may introduce disturbing factors. ‘The line density in the bands 
is high, above ten lines per angstrom. ‘The possible occurrence of blends 
with metallic lines and the closeness of adjacent lines are important con- 
siderations in the selection of lines for observation. As the probability 
of blends is least for the narrowest lines and the precision of measure- 
ment is highest for lines showing no evidence of duplicity and sufficiently 
separated from adjacent lines,* a greater weight is attributed to the lines 
of group A than to the broader lines of group B in the accompanying 
table. 

The wave-lengths of the lines were measured in the arc and at the 
center and limb in terms of identical iron standards. The limb-center 
shifts were found by two independent determinations. The sun-arc 
displacements at the center were obtained by direct comparison and by 
three indirect methods. The ‘Standard’ (R—I) is the mean differ- 
ence, Rowland minus International for lines whose wave, lengths in the 
sun and arc are equal, determined from the iron lines in this region by 
taking account of their sun-arc displacements. 

The mean, zero, given by 43 lines for center-arc requires from the rela- 
tivity point of view a radial movement in the solar atmosphere just 
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COMPARATIVE SOLAR AND TERRESTRIAL WAVE-LENGTHS OF LINES OF THE NITROGEN 
(CYANOGEN) BANDS 


Group A 25 LINES Group B 18 LINES 


INTENSITY INTENSITY 
At center 00-1 2-4 
a. Direct comparison of sun and arc............... 0.000 +0.0013 A 
b. Natecenter minus Alin’ arcy st ee, ote 0.000 +0.0026 
c. (R—I) for band lines minus “Standard’’ (R— ‘D. —0.003 +0.0010 
d. (A limb—) arc) minus (A limb—2) center)........ —0.001 +0.0008 
Mean: (Center—Arc) bF.cccee eae oo —0.001 +0.0014 
17 LINES INTENSITY | 18 LINES INTENSITY 
At limb 00—1 2—4 
a: eat limb minus!) in arce.c. el eek eee 0.000 +0.0037 
b. (A center—A arc)-+(A limb—A~ center).......... 0.000 +0.0035 


Mean Glam b= ATC) wos nn etic oiiee cee ee 0.000 +0.0036 


balancing the gravitational effect; at the limb where its influence would 
disappear, a displacement to the red of 0.008 A should be observed. For 
the lines of highest weight the displacement at the limb is zero, the mean 
for all lines +0.0018 A. Owing to the probable occurrence of blends 
in this region, the displacement to the red for the broader lines of group B 
may be in part at least attributed to this influence, as the effect of blends 
with metallic lines is to introduce systematic displacement to the red 
even for lines normally undisplaced at the limb. 

The general conclusion from the investigation is that within the lim- 
its of error the measurements show no evidence of an effect of the order 
deduced from the equivalence relativity principle. Two other series 
of observations at Mount Wilson are at variance with the relativity prin- 
ciple, the equal wave-lengths of the H and K lines of calcium in the arc 
and at the sun’s limb’ and a center-arc displacement of 0.004 A at » 6300 
for iron lines instead of 0.013 A required by the relativity principle. 


1 Einstein, A., Ann. Physik, Leipzig, 35, 1911, (898-908). 

2 Eddington, IN S., Mon. Not. R. Astr. Soc., London, 77, 1917, (377-382). / 
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TRIADS OF TRANSFORMATIONS OF CONJUGATE 
SYSTEMS OF CURVES 


By Luther Pfahler Eisenhart 


DEPARTMENT OF MATHEMATICS, PRINCETON UNIVERSITY 
Communicated by E. H. Moore, June 8, 1917 


When the rectangular point coordinates x,y,z, of a surface satisfy an 
equation of the form 
2 
OH ya 00 Ou, 28 (1) 


Ouodv ou Ov 


the curves “=const. » = const. form a conjugate system. We assume 
that the parametric system is of this sort throughout this note, and we 
shall speak of the net of parametric curves. Equation (1) is the poini 
equation of the net. 

If NW is such a net, a second net N’ of coordinates x’, y’, 2’, is given by 
the quadratures 


, , 
eI Ha dle (Dl (2) 


provided that h’ and I’ are functions of w and v subject to the conditions 


oh ol’ 
—=all—h’), —=bO(h'—l). 
aah), = o-1!) (3) 
Moreover, each pair of solutions of these equations leads by (2) to a 
net N’, which is such that the tangents at corresponding points M and 
M’ to the curves of the nets are parallel. All nets parallel to N are 
obtained in this way. : 
If 6, is any solution of (1), and 9, is the function given by 
06; 09; 06; 


6; 
pee OY ae = j/-_, 4. 
Ou Ou Ov Ov (4) 


then the functions x{’, y{”, 2, defined by equations of the form 


ai) a i ara pear | (5) 
are the coordinates of a net N{”, so related to N that the lines joining 
corresponding points M and M‘” of these nets form a congruence whose 
developables meet the surface on which these nets lie in the curves of 


the nets. We say that two nets so related geometrically are in the rela- 
tion of a transformation T. Parallel nets are in such relation. We 
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have shown! that any transformation T of N into a non-parallel net is 
given by equations of the form (5). 
Let N” be a second net parallel to N, its coordinates being given by 


Os" ype, Det _ Oe 6 
Ou Ou ov Ov 

and let 6; be defined by 
28; p28, HY _ 9 D0, eB 
Ou Ou Ov Ov 


h” and 1” being a pair of solutions of (3). 
Then a second transform NV has coordinates of the form 


6 

7) = x — 1 yx”, (8) 
1 F 

Since the nets NV’ and N” are parallel to one another, and the functions 

6, and 6, are solutions of the respective point equations for N’ and N” 

in a relation analogous to (4), a transformation T of N” is given by 


x) ae at x’. ' (9) 
1 


OEE: 


We denote by N{” the net with these coordinates. By differentiating 


the expressions (9), we show that the nets NV ) and N‘ are parallel. 
Moreover, it can be shown that the equations 


1) = 29 — 4 4 (10) 
1 

are consistent with the above equations, and consequently NV is a 
T transform of N‘”. Hence if a net is transformed into two nets by means 
of the same function 0, the new nets are in the relation of a transformation T. 
We say that three such nets form a érzad under transformations 7. It 
can be shown that the relation is entirely reciprocal in the sense that any 
two are obtainable from the third by transformations involving the 
same solution of the point equation of the third net. If in particular 
we take for 6, any of the coordinates of NV, say z, the nets V ) and aie 
lie in the plane z=0. In other words, the developables of the two con- 
gruences, obtained by drawing through points of a net WN lines parallel 
to the corresponding radii vectores of two nets parallel to N meet any 
plane in two nets in the relation of a transformation T. (We postpone to 
a later time a discussion of transformations of planar nets.) 
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If 6, is any solution of (1), a solution of the point equation of Nw 
is given by 

ig) Cyan 7, 02- (11) 

This function and the net N{” parallel to N{” determine a transfor- 

mation of the latter; moreover, the congruence of the transformation 


consists of the joins of corresponding points on NV ® and N. We call 
the transform JNV,, and its point coordinates #1, Vy, 242. The solution 


of the point equation of NV‘) corresponding to 6,, is of the form 


VAAL ” 6, , 
61. =0,— — br, (12) 
0, 
and consequently we have 
6 6. ser 0 0, VALET, 
Tip ger (13) 


930; — 09, 


The function 6, can be used to determine with the nets NV’ and N” 
two transforms of V, namely V ™ and NY, whose coordinates are of 
the respective forms 


6 7] 
Ge ie i Spa. (14) 
C5 65 


Corresponding points of the nets V, V, and N%? lie on a line, and 


® is a transform of VN by means of the function 


6,\— - 65. (15) 


ul 


Likewise, corresponding points of the nets V‘”, VN, N,, lie on a line, 
and N,, is a transform of N\” by means of the function 


i te (16) 
0; 
By means of (11) and (12) we show that the expressions (15) and (16) 


are equal, and consequently the nets VN, VY, N,, form a triad. 
Equation (13) is reducible to 


Sia = x + [(0; 6, — 6,0,)2" + (620, — 0,0,)2"]/(0;8,— 6;0,) (17) 


From the symmetry of this expression we see that N and N;, are trans- 
forms of N‘” and N$? in an analogous manner. We say that the 
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four nets form a quatern (N,N fe N Mar Nw). This result constitutes a 
generalization of the theorem of permutability of transformations D,, 
of isothermic surfaces as established by Bianchi?. In like manner we 
have the quaterns (V, Nf, N$, Ny.) and (WS, WY, N?, NV). 
Moreover the six nets can be anepcted into the four tale N, NG 
NO. N, no, Nn. NO: N®, Nas vee NO. jis 

When the nets N°‘; @ and NV have been poi the functions 6, and 
9 are determined to within additive constants. Hence, if N and 
N® are two transforms of N, there exist ~? nets Ni, each of which forms 
a quatern with N, N‘) and N‘; and their determination requires two 
quadratures. 

The six corresponding points of the nets are the vertices of a complete 
quadrilateral whose four sides are generic lines of the four congruences 
which figure in the transformations. On each of these lines there are 
two focal points, each being the point of contact of the line with the 
edge of regression of one or other of the two developables as u or v 
varies. The four points corresponding to the variation of either variable 
lie on a line, and these two lines are the tangents to the parametric curves 
on the envelope of the plane of the quadrilateral; moreover, these curves 
form a net. 

Thus far we have used rectangular non-homogenous point coordinates, 
but in some cases it is advisable to make use of general homogenous 
coordinates. The four homogenous coordinates x, y, 3, w, of a net 
satisfy an equation of the form. 


Bye om +b + 66. (18) 
Oudv Ou 


When two nets WN and JN, are in the relation of a transformation T, the 
tangents to the curves v = const. at corresponding points M and M, of 
the net meet in a point /;. Likewise the tangents at M and M; to the 
curves u = const. meet in a point F,. It is readily seen that as a varies, 
any point on the tangent to a curve v = const. of a net moves in such a 
way that the tangent to its path lies in the tangent plane of the net. 
Similarly for a point on the tangent to ~ =const., as u varies. Since 
the line FF, lies in the tangent planes to both NV and M,, it is tangent to 
the motion of / as v varies, and to the motion of F, as u varies. Hence 
F, and F, are the focal points of the congruence of lines of intersection 
of the planes of the nets. Following Guichard, we say that a congruence 
whose focal points lie on the tangents to the curves of a net and whose 
developables correspond to the curves of the net is harmonic to the net. 
It can readily be shown that the homogenous coordinates of a net can 
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be chosen so that the coordinates of the focal points of a harmonic con- 
gruence are of the respective forms 


Ecce aad (19) 


In this case equation (18) assumes the form (1), so that the choice of 
coordinates referred to its equivalent to finding a particular solution 
of (18). 

Since the congruence FF, is harmonic to both N and M,, it follows 
that the equations of any transformation T in homogenous coordinates is 
reducible to the form (2). If the coordinates of N satisfy (18), the 
equations are of the form 


apa (2),  :P22(2) ie 
Ou Ou \6é Ov Ov \@ 


where now @ is a solution of (18). 

When the equations of the transformation are of the form (2), each 
solution of the point equation of N gives a new transform by means of 
(5). The equations of the preceding results continue to be true, and 
parallel nets are replaced by any transforms. 

Although these results have been stated in terms of 3-space, they hold 
for two dimensional spreads in m-space, provided that a congruence is 
defined as a two parameter family of lines possessing two families of 
developables. 


1 Risenhart, Trans. Amer. Math. Soc., New York, 18, 1917, (97-124). 
2Bianchi, Ann. Mat., Milano, (Ser. 3), 11, 1905, (93-158). 


THE MOLECULAR WEIGHTS OF THE TRIARYLMETHYLS 
By M. Gomberg and C. S. Schoepfle 


CHEMICAL LABORATORY, UNIVERSITY OF MICHIGAN 
Communicated May 31, 1917 


It is now generally accepted that the free radicals of the triphenylmeth- 
ane series owe their unique unsaturated character to the presence of a 
trivalent carbon atom in the molecule. In many cases the molecular 
weight has been found to be double that calculated for the free radical. 
Nevertheless, even in these cases the presence of a compound with a single 
unsaturated carbon atom is still recognized, and the assumption is made 
that there exists, in virtue of partial dissociation, a mobile equilibrium: 


R;C —CR;@R;C+R;C. 
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It is doubtful whether the matter is quite as simple as it is represented 
by the above equation. From a variety of experimental evidence! 
the conclusion seems inevitable that both the hexa-arylethanes and the 
triarylmethyls exist in two tautomeric modifications. It is far more 
likely that triarylmethyls, at least when in solution, conform to the follow- 
ing scheme :? 


(I) R;:C-CR; =) A (III) 
| al 
(IT) Ra ee za Lo Aya (IV) 


In other words, there is a tautomeric equilibrium between the benzen- 
oid hexa-arylethane (I) and the quinol (II); also between the benzen- 
oid triarylmethyl] (III) wherein the central carbon atom is trivalent and 
its quinonoid modification (IV) wherein the para-carbon atom in the 
nucleus assumes the trivalent state. This viewpoint is in entire harmony 
with the peculiar chemical and physical behavior of this class of com- 
pounds. It permits us to explain, by the presence of the quinol tautomer 
(II), the existence of a colored modification of hexa-arylethanes in cases 
where molecular weight determinations fail to indicate an actually 
measurable degree of dissociation. And even in those cases where a 
partial or complete dissociation of the hexa-arylethane is demonstrable, 
the fact that the solution is colored finds a more reasonable and more 
concordant explanation in the existence of the quinonoid tautomeric 
triarylmethyl (IV) than merely in that of the benzenoid (III) alone.’ 

Whether, however, the supplemental hypothesis of tautomerism is 
accepted or not, the fact remains that we are dealing primarily with a 
phenomenon where a hydrocarbon dissociates spontaneously into two 
parts, which parts may, also spontaneously, reassociate with the pro- 
duction of the original substance. What are the factors which influence 
the degree of dissociation in a given hexa-arylethane? What is the re- 
lation between the degree of the dissociation and the nature of the aryl 
group in the substituted ethane? 

Factors Influencing Dissociation.—Obviously, the nature of the sebeed 
the temperature of the solution, and the concentration of the solute 
must be the chief factors as regards the extent of dissociation which 
may be reached by a given hexa-arylethane. With regard to changes 
in the equilibrium between the dimolecular and the monomolecular 
modification due to the temperature, it has been found‘ that the mole- 
ular weight of triphenylmethyl in naphthalene at 79°-80° is approxi- 
mately 414, while the average value found with other solvents such 
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as benzene, nitrobenzene, etc. which freeze at temperatures around 
0°-5°, is between 480 and 485. A computation from these molecular 
weight determinations indicates that triphenylmethy] exists in the mono- 
molecular state to an extent of 17% in naphthalene at 80°, while to 
considerably less than 5%, if at all, in benzene at 6°. Schlenk and Mair 
determined the molecular weight of triphenylmethyl in benzene by the 
ebullioscopic method, and found that at the temperature of the boiling 
point of benzene, also about 80°, the hydrocarbon is dissociated in the 
monomolecular phase to the extent of 23.3-29.9% with approximately 
a 2 % concentration. Schmidlin® calls attention to the fact that it is 
very difficult to obtain an absolutely pure sample of triphenylmethyl and 
that samples prepared by slightly different methods often differ consider- 
ably in purity. Therefore he suggests the possibility that the varia- 
tion between the molecular weights found by Schlenk with the ebullio- 
scopic method and by Gomberg and Cone with the cryoscopic method 
may be due to differences in the degree of purity of the samples used. 
Accordingly, he constructed a special apparatus containing two thermo- 
meters, by means of which he could determine the molecular weight in 
benzene first by the ebullioscopic method and then by the cryoscopic 
method on one and the same sample. However, the molecular weights 
of triphenylmethyl found by the two methods showed no appreciable 
difference in value, and therefore no change in dissociation between the 
temperatures of 6° and 80° was noticeable. 

With regard to the influence of concentration upon the degree of dis- 
sociation of hexaphenylethane, an examination of the results obtained 
by various investigators fails to reveal a concordant influence of this 
factor. Neither molecular weight determinations nor the application 
of optical methods’ have supplied information of a sufficiently decisive 
nature to warrant us in drawing any conclusion as regards the concentra- 
tion influences affecting the equilibrium between the dimolecular and 
the monomolecular triarylmethy]l. 

Relation Between Dissociation and the Nature of the Aryl Groups.— 
Although triphenylmethyl, the first and simplest representative of the 
triarylmethyls, was found to be largely in the dimolecular state, some 
of its analogs were found to exist to a large extent as monomolecular. 
Among the first triarylmethyls of this kind was the series containing 
p-biphenyl groups: 


(C.Hs) AG ; (Gar ‘ C.Hs) 5 (CeH:) Cc (CH, * C,H) 25 C(C.Hy ° C.Hs)s. 


Schlenk and his co-workers concluded from the measurements of the 
molecular weight by the cryoscopic method with benzene as a solvent, 
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that these compounds are monomolecular to the extent of 15%, 80%, 
and 100%, respectively. From these results one might infer that the 
dissociation of the hexa-arylethane into free radicals is greatly favored 
by the complexity or the weight of the aryl groups,—the dissociation 
becoming apparently more manifest also in proportion to the number 
of such groups. But the hypothesis that the dissociation of the hexa- 
arylethanes is proportional to the complexity of the aryl groups becomes 
wholly untenable when one compares triphenylmethyl with phenyl- 
<7 
a | 


xanthyl, CoHICK 0 , which is monomolecular to the extent of 


PAS. 
De 


82%.9 Is the union of the two phenyl groups the paramount influ- 
ence in this case? If so, why should a substance constitutionally 
so closely related to the xanthyls as phenyl-biphenylene-methyl 


C.sH;-C G | , be completely dimolecular?!° 


It is obvious that from the few facts known to us at present it is diff- 
cult, if not wholly impossible, to formulate the relation between the 
complexity of the aryl groups in the hexa-arylethanes on the one hand 
and the tendency of these ethanes toward dissociation into free radicals 
on the other. | 

The Problem of this Investigation In order to obtain some further 
knowledge as to the factors governing the equilibrium between the di- 
and the mono-molecular phases of triarylmethyls, we decided to select 
for our study a related set of compounds. The following triarylmethyls 
were prepared for this purpose: : 


CGEM G) gs ye oy ona. ci eitile ieeencestere ieadiledene se sckha ch eels eh eee ae ee Triphenylmethyl. 
De (C.6Hs) oC . CipH;, SWS: Se Me Melia fel taleeNietieue netic: erie eneieimtaltenel eibetievemememte a-Naphthyl-diphenylmethyl. 
C,H, 
3.. CeHs - C yo Be at ehal ce inlay liad Nal a Oa ene ee Mente ToS tee Phenyl-xanthyl. 
C.H4 
C,H: 
4. CH;Ce6H, - aR »o ENE tea 6m se Lact ae ell a CN Ne oe Ie p-Tolyl-xanthyl. 
CeHa 


CoH, 
5. ClCeH, - a yo OE A Nace Me MN ae Models es Ee p-Chlorphenyl-xanthyl. 
CoH, 
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CeH, 
6. CioHz- C »o se a dA Gai Oa Ra ne a-Naphthyl-xanthyl. 
C.H, 
Weres 
7. CeHs- oN Yo 1 VA ae Phenyl-pheno-@-naphtho-xanthyl. 
CioH¢ 


A determination of the molecular state, and consequently of the 
dissociation phenomenon, of these unsaturated compounds is the more 
pertinent in view of the limited number of radicals upon which such 
determinations have been conducted in the past. Further and, if 
possible, more certain evidence with respect to the dissociation of 
these hydrocarbons, and consequently with respect to the trivalency 
of carbon, is most desirable. 

Our‘aim has been to take every possible precaution to insure uni- 
formity and purity of the triarylmethyls to be used. As a check, 
the capacity for oxygen absorption and for peroxide formation was 
always resorted to, using part of the very same sample which served 
for the determination of the molecular weight. This is a very essential 
and one of the safest criterions for the purity of the products, the re- 
action being: 2 R;C+0O, = R;C—O—O-—R;C. Also it was made 
certain that during the course of the determination the triarylmethyl 
suffered no deleterious isomerization due to the effect of the temper- 
ature (80°) of the solvent, naphthalene. Each experiment represents 
an individual preparation and in no case were two determinations 
of the molecular weight made upon the same sample. Moreover, 
the sample was never more than one day old, the free radical being 
prepared in the afternoon, allowed to crystallize over night, isolated 
the following morning and the molecular weight taken the same after- 
noon. The molecular weight determinations themselves were carried 
out in an atmosphere of hydrogen, oxygen being completely excluded 
from the whole apparatus. The details regarding the preparation of 
the pure compounds and the method used in the molecular weight 
determinations will appear shortly in the Journal of the American 
Chemical Society. 

The triarylmethyls were studied from two points of view. (1) 
The molecular weight of every triarylmethyl was determined within 
a fairly wide range of concentration, from 1% to 6%, in order to deter- 
mine the effect of concentration upon the degree of dissociation. (2) 
From a comparison of the degree of dissociation of various traryl- 
methyls, under the same conditions of solvent, concentration and tem- 
perature, it was hoped that something would be learned regarding the 


462 CHEMISTRY: GOMBERG AND SCHOEPFLE 


influence of the various aryl groups upon the tendency of the ethane 
towards dissociation. 

Summary of the Results.—In the diagram are represented the curves, 
each curve based upon a number of molecular weight determi- 
nations, expressing the dissociation tendency of the hexa-arylethanes 
mentioned in this paper. The curves are plotted with the percentage 
of concentration as abscissas and the dissociation values, in per- 
centages, as ordinates. The values expressing dissociation were 


—| Siebert eye 


a 
ee 


ii 


Mf, 


obtained according to the formula x = 


Are where x equals the degree. 


of dissociation, M; represents the theoretical molecular weight of the 
hexa-arylethane and M, the molecular weight actually found. 

1. In all instances, a steady and gradual increase of the molecular 
weight is noticeable as one proceeds from a 1% concentration of the 
radical to that of 6%. The generality of these results, and their 
uniformity, leave no room for doubt that we are dealing here with a 
phenomenon of molecular dissociation, wherein the products of dis- 
sociation are in equilibrium with the dissociating substance. An 
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equilibrium of this nature might be expected to shift in favor of dis- 
sociation with dilution, as is actually the case with these compounds. 

2. When in triphenylmethyl two phenyl groups become joined 
through an oxygen atom and thus give rise to a xanthone ring, the 
tendency of the new compound, phenyl-xanthyl, towards dissociation 
increases to a marked extent, approximately threefold. 

3. A phenyl and a p-tolyl group are apparently equivalent in 
their influence for dissociation when linked to a xanthone ring; a 
p-chlorphenyl group is of somewhat lesser influence, as can be seen 
on comparing the dissociation curves of the three corresponding 
aryl-xanthyls. This equality of influence of a p-tolyl and a phenyl 
group would not necessarily have been anticipated. Tolyl-dipheny]- 
methyl] differs very much from triphenylmethyl, and tri-p-tolylmethyl 
is so unstable that it is apparently impossible to isolate it, owing to 
the tendency to isomerize or polymerize. 

4. An a-naphthyl group when replacing a phenyl group in tri- 
phenylmethyl exerts upon the dissociation equilibrium of the com- 
pound a very decided influence in favor of the monomolecular phase— 
a-naphthyl-diphenylmethyl appearing as wholly dissociated. This 
favorable influence of the naphthyl group is still retained when the 
group is linked to a xanthone ring, the resulting compound being also 
dissociated to the extent of 100%. And yet, when the naphthyl 
group enters as a component in the formation of the xanthone ring 
itself, it depresses very decidedly the dissociation tendency of the 
compound, as is evident on comparing the two isomers, a-naphthyl- 
xanthyl and phenyl-pheno-8-naphtho-xanthy]l. 

5. It has been established that the triarylmethyls are, in the solid 
state, almost wholly devoid of color, being, like triphenylmethyl 
itself, only pale-yellow; but their solutions differ very much, being 
yellow, orange, brown, red, or green, according to the individual 
compound. Schlenk has described tribiphenylmethyl, 100% dis- 
sociated, as a dark green powder. Whether this difference in color 
from our completely dissociable radicals is real or only apparent 
we cannot at present say. The fact that triarylmethyls, colorless 
when solid, give color only when in solution, lends support to the 
hypothesis that the triarylmethyls do undergo tautomerization when 
dissolved. Not dissociation alone into triarylmethyl, but, in addition 
thereto, the consequent tautomerization of this into its quinonoid 


modification, R.C=€ ve , constitute a satisfactory explanation 


of the color phenomenon. ‘Tautomerization commonly occurs, indeed, 
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only when the compound capable of tautomerization is in the liquid 
phase, or in solution. And that is just the case with the free radicals 
under consideration. 

6. The two radicals, a-naphthyl-diphenylmethyl and a-naphthyl- 
xanthyl, were found to give a molecular weight Jess than that cal- 
culated for the monomolecular phase. Schlenk and Renning’s!! 
results show that a-naphthyl-biphenyl-phenylmethyl exhibits the 
same unusual behavior. We have good reasons to believe that our 
results are not due to experimental errors, and we took pains to verify 
them repeatedly. The cause of this unexpected result may possibly lie 
in a still further dissociation of the triarylmethyl itself, R R’ R’ C= 
RR’C+R’. 


1 Gomberg, Berlin, Ber. D. Chem. Ges., 40, 1907, (1860); 42, 1909, (406); Gomberg and 
Cone, Liebigs Ann. Chem. Leipzig. 370, 1909, (190); 376, 1910, (208). 

2 Gomberg, Berlin, Ber. D. Chem. Ges. (406); 46, 1913, (228). 

3 Compare G. N. Lewis, these PROCEEDINGS, 2, 1916,(588). 

4 Gomberg and Cone, Berlin, Ber. D. Chem. Ges., 37, 1904, (2037). 

5 Schlenk and Mair, Liebigs Ann. Chem., Leipzig, 394, 1912, (179). 

6 Schmidlin, Das Triphenylemethyl, Stuttgart, 1914, (94). 

7 Piccard, Liebigs Ann. Chem., Leipzig, 381, 1911, (347). 

8 Schlenk, Ibid., 372, 1909, (4); 394, 1912, (186); Berlin, Ber. D. chem. Ges., 43, 1910, 
(1756); Schmidlin and Garcia-Banus, Ibid., 45, 1912, (3176). 

9 Schlenk and Renning, Liebigs, Ann. Chem, Leipzig, 394, 1912, (189). 

10 Schlenk, Herzenstein and Weickel, Berlin, Ber. D. chem. Ges., 43, 1910, (1754). 

11 Schlenk and Renning, Liebigs Ann. Chem., Leipzig, 394, 1912, (195). 


SEX-DETERMINATION AND SEX-DIFFERENTIATION 
IN MAMMALS 


By Frank R. Lillie 


DEPARTMENT OF ZOOLOGY, UNIVERSITY OF CHICAGO 
: Read before the Academy, April 17, 1917 


The principle of zygotic sex-determination is generally regarded as 
established for mammals as for other animal groups. The reasons for 
this are (1) the identity of sex of all individuals derived from a single 
zygote: e.g., identical twins, quadruplets of armadillos, etc.; (2) the 
facts of sex-linked inheritance, which demonstrate the inheritance of 
certain sex factors in a Mendelian way; (3) the dimorphism of sper- 
matozoa in mammals as in other groups with zygotic determination of 
sex. We must therefore regard sex ‘as determined, in the usual sense of 
the word, at the time of union of the gametes. 

The question, however, arises, whether sex-determination involves 
an irreversible tendency to the corresponding sex-differentiation, or 
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whether such differentiation is more or less controllable, or even com- 
pletely reversible? 

Up to a certain stage in the development of mammals there are no 
morphological evidences of the determined sex. Prior to this stage 
sex-characters are identical in both kinds of zygotes; the gonad first 
enters on a phase of male differentiation in both sexes, which subse- 
quently changes to the female direction in the female zygotes only; 
both male and female sex-ducts arise in each kind of zygote, and by 
subsequent corelative progressive and retrogressive differentiation the 
conditions of the appropriate sex are produced; external parts also 
appear similarly at first in both sexes. The possibilities for complete 
reversal of the indicated sex-differentiation would therefore seem to lie 
within this so-called sexually indifferent stage, and to diminish pro- 
_gressively as differentiation proceeds. 

There are many indi ations that each zygote, whether determined as 
male or female, has both tendencies, both sets of sex-factors; in other 
words that the reactions for male or for female differentiation are both 
possible for each zygote; but that they are to a considerable extent 
mutually exclusive in bisexual animals. The initial sex-determination is, 
therefore, a condition in which there is a quantitative superiority of one 
or the other tendency or set of factors. The advance of development 
progressively limits the possible operations of the inferior set of factors, 
so that, by both positive and negative limitations, reversal of the initial 
sex-index becomes increasingly more difficult. 

It has long been known that the degree of development of the sex- 
characters that arise after birth is dependent in mammals upon internal 
secretions of the sex-glands (sex-hormones) circulating in the blood. 
This is seen in the well-known effects of castration; and partial reversal 
of sex-differentiation has been secured by implantation of the sex-gland 
of the opposite sex following castration.'! But the more fundamental 
sex-characters, like other fundamental characters, are differentiated 
in mammals before birth. Such are the type of sex-gland, whether 
ovary or testis, the type of sex-ducts, whether vasa deferentia or female 
reproductive tract, and the type of the external organs of reproduction. 

The problem of the extent to which sex-differentiation may be re- 
versibie carries us back therefore to the sexually indifferent stage, and 
the question arises whether the sex-characters that develop before birth 
are, like those arising after, dependent for the degree of their develop- 
ment upon sex-hormones, and whether, like the latter also, they are more 
or less reversible by action of the sex-hormones of the opposite sex? 
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The investigation of a remarkable phenomenon in twins of cattle 
furnishes a positive answer to this question so far as the female is con- 
cerned. 

The female of two-sexed twins in cattle, commonly known as the 
free-martin, has long been known to be absolutely sterile as a general 
rule; however a small percentage of such females is perfectly normal. I 
have found by a study of the embryonic development that the phenome- 
non of sterility is due to fusion of the embryonic membranes of the twins, 
and an anastomosis of the arteries and veins of the female and male 
associates, but more especially of the arteries, so that there is literal 
community of blood during foetal life.2 If the anastomosis of the blood- 
vessels does not take place, the female is perfectly normal as is usual 
in the twins or multiple births of all other mammals. In cattle again 
if the twins be of the same sex both are perfectly normal. 

Nature has thus performed here a perfectly controlled experiment, 
which shows that blood community of foetal life between embryos of 
different sex causes sterility of the female. This fact can be explained 
only on the assumption that the foetal blood carries specific sex-hormones, 
because the only system of the female that is affected is the reproductive 
system. ‘The male, on the other hand, is normal in all its parts, and this 
finds explanation in the fact that the sexual differentiation of the male 
antedates by a little that of the female, and the development of female 
sex-hormones is probably inhibited from the start. 

The time at which the anastomosis of the blood vessels occurs is a 
question of fundamental importance. Sex-differentiation begins in 
cattle when the embryo is about 25 mm. long. The evidence at my 
command indicates strongly that fusion of the embryonic membranes 
begins at about this time or a little earlier; in a pair of twins 15 mm. long 
the membranes overlapped but were not yet fused; in another pair, of 
which one member was 35 mm. and the other 40 mm. in length, the mem- 
branes were perfectly fused so that the place of union could no longer 
be detected. The vascular areas of the two sides overlapped, but the 
larger vessels did not anastomose; a capillary connection at least between 
the two sides certainly existed. In another pair 50 mm. long the fusion 
was perfect and the anastomosis of the blood-vessels also. Study of 
normal embryos also shows that the conditions precedent to fusion are 
fully established before the 20 mm. stage; and study of the gonads of 
the free-martin shows that the development of the ovarian cortex is _ 
probably inhibited from the beginning, i.e., from about the 25 mm. stage. 
There can be no doubt that the blood community dates from about the 
time of the sexually indifferent stage, but it certainly varies more or less 
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both with reference to the time of origin and the extent of the vascular 
anastomosis. 

We have hitherto noted only that the free-martin is sterile whenever 
blood-community with its male twin exists during foetal life, i.e., in 
about seven-eighths of all cases, and that otherwise it is normal. What 
is the nature of this sterility? Observers from the time of John Hunter? 
(1786), who have studied the anatomy of free-martins, have all noted 
the intersexual character of its reproductive system—the internal 
organs of reproduction are largely male in type, the external female— 
and the later students of the free-martin have generally regarded it as a 
modified male on account of the character of the internal organs and for 
other reasons (Spiegelberg,s D. Berry Hart,> Bateson,* Cole’). The 
gonad is sometimes absent or exceedingly rudimentary, but when well 
developed it never exhibits any trace of ovarian cortex, and its structure 
is testis-like, though germ-cells are not formed. The sexual ducts 
show reduction or absence of the female parts and a graded series of 
development of the vas deferens. The external parts are usually typical- 
ly female. We have on the one hand, therefore, failure of development 
of the internal female reproductive organs, and, on the other hand, the 
male parts, which usually degenerate, undergo development. Anatomi- 
cally the free-martin is definitely intersexual, to a variable extent as will 
be seen. 

The writer has studied the anatomy of 22 foetal free-martins ranging 
in size from 7.5 to 28cm. ‘The striking results of this examination were 
(1) The gonads remain rudimentary in size during this period; (2) the 
female ducts fail to develop; they frequently remain in part as un- 
developed rudiments, but in other cases disappear as completely as in the 
male. (3) The male ducts develop in varying degrees, always more 
than in the normal female, though rarely to the same extent as in the 
male. (4) Gubernacula invariably developed in the free-martins 
and formed peritoneal evaginations exactly asin males. (5) In one of 
the oldest foetuses the gonads had entered the saccus vaginalis as in the 
male. (6) In my material the external organs were always typically 
female. 

Miss Chapin’ made a histological investigation of the gonads of the foetal 
free-martin under my direction and determined that the ovarian cortex 
never forms, but that a quite typical albuginea develops over the sur- 
face as in the testis of the male. The medullary cords, homologue of 
the seminiferous tubules of the male, also underwent unusually great 
development. 

A seven weeks old free-martin examined by the writer possessed testes 
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and vasa deferentia, but no trace of uterus or vagina. The testes had 
descended and lay beneath the skin in the region of the groin. No 
scrotum was formed and the external parts were typically female. A 
free-martin described by Numan in 1844 was even farther transformed 
in the male direction, and the external parts were also modified. 

The various cases can be arranged in a series of increasing male- 
likeness, but the transformation of the female zygote owing to action 
of the male sex-hormones does not in the case of the free-martin, in the 
material at our command, proceed all the way to the normal male 
condition. It is perhaps worth noting that, if it ever did, we would be 
unable to detect it, except on a basis of much larger statistics than we 
possess. But the rarity of the more extreme detectable cases makes it 
seem very improbable that other cases jump all the way across the gap 
to the normal male. 

It follows from the data that the female zygote must contain factors 
for both sexes; the primary determination of the female sex must there- 
fore be due to dominance of the female factors over the male. If we think 
of this as a simple quantitative relation, as Goldschmidt? (1916) has done, 
we can explain the intersexual condition of the free-martin as due to 
an acceleration or intensification of the male factors of the female zygote 
by the male hormones. The degree of the effect which is quite variable, 
as we have seen, would of course be subject to all quantitative variations 
of the hormone. ‘Thus the case of the free-martin could come under the 
same general point of view as that of the intersexes of Lymantria accord- 
ing to Goldschmidt with the one exception that the quantitative dif- 
ferences between the male and female factors of the female zygote 
necessary for the differentiation of female characters, are reduced in the 
free-martin by internal secretions instead of by variations of potency 
of the male factors in different varieties as in the intersexual hybrids 
of Lymantria. 

The case of the free-martin shows that a gonad with a primary female 
determination may form a structure which is morphologically a testis, 
(cf. Chapin 1917) through suppression of the cortex and over develop- 
ment of the medullary cords and urinogenital union under the influence 
of male sex-hormones. Lesser degrees of transformation are of course 
possible, so that it is certain that the gonad of a mammalian female 
zygote is capable of most, at least, of the series of transformations that 
may exist between an ovary and a testis. Whether the transformation 
in the male direction may proceed under such conditions to the pro- 
duction of true spermatocytes and spermatozoa is at least doubtful. 
Such elements have not hitherto been described for free-martins, if we 
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except D. Berry Hart’s statement concerning the gonads of Hunter 
free-martins, that ‘“‘in only one are spermatozoa present.’’ More than 
six words seem necessary to establish so important an exception. 

Regarding other parts of the internal reproductive system we have 
seen that the free-martins exhibit a graded series of inhibition of the 
female ducts and of development of the male ducts which may obviously 
correspond to variable time of onset, intensity, and perhaps duration 
of action, on the male sex-hormones. ‘The series extends nearly to the 
normal male limit in exceptional cases. There is indicated a rough 
parallelism at least between the grade of transformation of the gonad 
and that of the remainder of the internal reproductive system. The 
external organs of reproduction are the least liable to modification, 
but they do not escape in all cases, and may even exhibit considerable 
transformation in the male direction, if we can accept Numan’s case. 

The fundamental determining factor in these events is undoubtedly 
the male sex-hormones as has been argued previously, but the entire 
causal nexus is by no means clear. We do not know what the results 
of embryonic castration of the female might be in itself, and hence we are 
unable to assert definitely in just what positive ways the male hormones 
act on the female zygote, because the earliest determinable result of 
such action is the suppression of the ovarian cortex, which must be re- 
garded as practically equivalent to castration. This action at least is 
due to the male hormones; how much of the subsequent events is due to 
mere absence of ovarian tissue, and how much to positive action of male 
sex-hormones Is more or less problematical. It is well known that spayed 
females of certain birds and mammals tend to develop male characters; 
heifers with cystic degeneration of the ovary also develop certain male 
characteristics (Pearl and Surface, 1915)°so that we must admit in 
principle the possibility that much of the male development in the free- 
martin is due to the lack of inhibitions normally furnished by the ovary. 

It is also probable that the various parts of the reproductive system 
have other means of correlation, and act and react on one another in 
various ways. Certain indications of this are seen in lateral variations, 
as for instance in one of my cases where a large gonad on one side is 
associated with a large Wolffian duct, and seminal vesicle, and a much 
smaller one on the other side with a correspondingly smaller duct and 
vesicle. 

When, therefore, we attribute the free-martin condition to the male 
hormones we only mean to assert that they are the primary cause, and 
not that they are the decisive factors in each member of the series of 
events. 


470 PHYSICS: A. W. HULL 


The possibility exists, however, that definitely planned experiments 
may enable us to regulate time and dosage of hormones better than is 
done in this experiment of nature; the results of such experiments can- 
not of course be foreseen. Nor can it be predicted in advance what the 
results of the inverse experiment might prove to be, 1.e., treatment of 
the male zygote from the beginning of six-differentiation with female 
hormones. Such experiments will be necessary for the full solution of 
the stated problem. We can, however, state, confidently on the basis 
of the present results that sex-determination in mammals is not irre- 
versible predestination, and that with known methods and principles 
of physiology we can investigate the possible range of reversibility. 
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THE CRYSTAL STRUCTURE OF MAGNESIUM 
By A. W. Hull , 


RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY 
Communicated by R. A. Millikan, May 29, 1917 


Magnesium is assigned by crystallographers to the holohedral class 
of the hexagonal system, with axial ratio 1.624. The structure given 
below agrees with this symmetry. The arrangement of atoms is that 
of hexagonal close packing, the arrangement which equal hard spheres 
assume when closely packed, except that the structure is shortened 
by about one-half of one percent in the direction of the hexagonal axis. 
This is the fourth type of arrangement of atoms in elementary sub- 
stances thus far observed, viz.: the diamond type, characteristic of 
diamond, silicon, bismuth and antimony, where each atom is surrounded 
by four equidistant nearest neighbors; the centered cubic lattice, char- 
acteristic of iron, and probably also of nickel and the alkali metals, 
wheré each atom is surrounded by eight equidistant nearest neighbors; 
the face-centered cubic lattice, or closest-packed cubic arrangement, 
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of which aluminum, copper, silver, and probably gold and lead are 
examples, where each atom has twelve equidistant nearest neighbors; 
and the closest-packed hexagonal arrangement described below, of 
which magnesium is at present the only example, where the number of 
equidistant nearest neighbors is also twelve, but in a slightly different 
arrangement from those of the face-centered cubic lattice. 

The X-ray analysis was made in two parts. First, single small 
crystals were mounted with definite orientation on the spectrometer 
table, and photographed while slowly rotated and exposed to a mono- 
chromatic beam of X-rays. This gave the approximate structure. A 
picture was then taken of magnesium powder, in the manner described 
in a previous paper (Phys. Rev. 9, 85, Jan. 1917), which checked and 
confirmed the results of the first method. 

Three small samples, formed by vacuum distillation, were used for the 
single photographs. ‘The first was mounted with its basal plane (0001) 
parallel to the rays, and was rotated about the axis (0001) — (1010) for 
about 30° on each side of the center. This should give reflection from 
(0001) and the flatter pyramids (1013), (1012), (1011), etc. The second 
was mounted so as to rotate about the same axis, but with 1010 parallel 
to the rays at the center position. This should give reflection from 
(1010) and the steeper pyramids (3031), (2021), (1011), etc. The 
third was rotated about the axis (0001), (1120), with rays parallel to 
1120 at center, so as to give reflection from (1120), (1121), (1122), etc. 

The observed lines and spacings are given in table 1. 


TABLE 1 
CRYSTAL 1 CRYSTAL 2 CRYSTAL 3 
gt ier ciies, | Plate [hie S| nian |, Plane, | Teton el | SPRERESE | Plane 
3.10 2.59 0001 2.90 2S 1010 5.02 1.60 1120 
2.90 2EhS 1010 3.10 2.59 0001 5.50 1.48 1191 


1A 
O50 1.48 1013 8.92 0.92 1013(3) 
1.30 2021 5.9 1.38 1010(2) 


The first column gives for each crystal the distance of the observed line 
from the center, the second the spacing of the corresponding plane, as 
calculated from this distance, and the third the indices of the plane. 

A triangular prism having the spacing d,,3) = 1.61 A and axial ratio 
1.624 would have a height 1.624 X 2d,,5) = 5.23 A, which is exactly 
twice the spacing of the (0001) planes found above, and suggests that 
the lattice is composed of éwo sets of triangular prisms each of side 3.22A 
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and height 5.23A, the atoms of either set being in the center of the 
prisms of the other. The number x of atoms per unit prism Is, if p is the 
density, M the mass of an atom of Mg, and a and & represent the side 
and height of the prism, respectively: 

~/ a a*hp 


Laas TL | aS 1.03 


which is equal to 1 within the limit of accuracy of a, h, and p, and is 
correct for the assumed structure. 

The second step in the analysis was to check this assumed structure by 
a photograph taken through finely powdered magnesium, which should 
show all the lines required by the assumed structure and no more. Table 
2 gives the position of the observed lines and the corresponding spacing 


TABLE 2 
DISTANCE OF LINE ANGLE OF INTENSITY See eee Uy oat ieee INDICES OF 
FROM CENTER REFLECTION (ESTIMATED) / (|e see PLANE 
Experimental Theoretical 
cm. 

2.92 7.40° 70 Pde ies DARTS 1010 
2.59 0001 
3.30 8.33 150.0 2.44 2.44 1011 
4.23 10.74 50.0 1.91 1.90 1012 
5.03 125 70.0 1.61 1.60 1120 
5.50 13.90 60.0 1.48 1.48 1013 

1,38 1010 (2) 
5.95 15.00 60.0 1.36 1.36 1122 
6.05 15.30 20.0 1.34 1.34 2021 

1.30 0001 (2) 

6.65 16.80 10.0 1°23 1.23 1011 (2) 
6.90 17.40 0.5 1.18 11S 1014 
Le 19.00 15.0 1.09 1.08 2023 
7.96 20.10 30.0 1.04 1.05 2130 
8.10 20.50 0.5 1.02 1.03 2131 
1.01 1124 
8.41 PAWS) 20.0 0.98 0.97 2182 
1015 

0.94 1012 (2) 

8.83 22.4 O23 0.93 0.92 1010 (3) 
9.15 231 15.0 0.90 0.89 2133 
9.48 24.0 10.0 0.87 0.87 3032 

0001 (3) 
9.90 25) OS) 0.83 0.83 1016 
2025 

0.82 1011 (3) 
2134 

0.80 1120 (2) 


10.95 Zieh 10.0 O47 0.77 3140 
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of the planes, together with the theoretical spacing for the lattice de- 
scribed above. The agreement is within the limit of error of the measure- 
ments, except that some of the predicted lines are too faint to show. 
This is to be accounted for by the distribution of electrons in the atoms, 
and will be discussed in a future paper. 


THE STRUCTURE OF HIGH-STANDING ATOLLS 
By W. M. Davis 


DEPARTMENT OF GEOLOGY, HARVARD UNIVERSITY 
Communicated June 5, 1917 


The structure of high-standing atolls has seldom been studied in 
detail, and is perhaps seldom sufficiently revealed for close study. At- 
tention is therefore drawn here to only one structural feature, namely 
the relation of atoll limestones to their supposed foundation of volcanic 
rocks. According to Darwin’s theory of intermittent subsidence, the 
limestones of atolls should lie unconformably on an unevenly eroded, 
submountainous volcanic mass, the top of which may be buried to any 
depth, as in section M of sector L, figure 1: the section of the volcanic 


FIG. 1. 


foundation here shown resulting from the dissection and progressive 
subsidence of a volcanic cone, as shown in sectors H, J, K. Accord- 
ing to the Glacial-control theory, which is today the only fully formu- 
lated competitor of Darwin’s theory that deserves consideration here, 
the limestones of atolls should as a rule unconformably overlie a flat 
platform of volcanic and calcareous rocks, produced by the following 
processes: A preglacial volcanic island, sector A, figure 2, is supposed 
to have stood still so long as to have been worn down to low relief, as 
in sector B, while a reef plain was built by outgrowth around it: during 
the Glacial period, when the ocean was lowered about 40 fathoms and 
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chilled enough to kill the reef-building corals, the island was progres- 
sively cut away by the sea, sectors C, D, and eventually reduced to a 
platform a little below the sea surface, sector E: when the sea rose and 
warmed in Postglacial time, a reef was built up around the platform 
margin, and the enclosed area was covered with lagoon deposits, the 
resulting structure being shown in section on the face of sector F. 


FIG. 2. 


Now if such an atoll, sector F, figure 3, be uplifted more than 40 
fathoms or 240 feet, as in sector G, and eroded, as in sector H, the 
central volcanic area of the platform will be sooner or later laid bare, 
as in sector J. It is evident, however, that no great amount of erosion 
can take place in Postglacial time; hence it must here be assumed that 


uplifted atolls which are much dissected were uplifted during the 
| 


FIG. 3. 


Glacial period, and then deeply dissected by subaerial erosion and 
benched by marginal abrasion during the last Glacial epoch of lowered 
sea level, so that when the sea finally rose in Postglacial time, an out- 
standing barrier reef would grow up around the margin of the last 
abraded marginal bench and enclose a lagoon, the waters of which would 
enter narrow embayments in the central island, as in sector H. In 
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case an island were dissected sufficiently to show its abraded platform 
of central volcanic rocks surmounted by residual limestone hills, as in 
sector J, a still earlier uplift would be demanded; and in such case, a 
correspondingly shorter part of the Glacial period would be allowed 
for the initial abrasion of the volcanic island. The more clearly these 
various consequences of the theory are conceived, the more closely 
can the theory be tested when the consequences are confronted with 
the facts, to which we may now turn. 


A number of uplifted and dissected atolls occur in the Lau group of 
southeastern Fiji. The route of my Shaler Memorial voyage of 1914 
did not, to my regret, lead me to them, but most of them have been 
described in some detail by Gardiner! and Agassiz,? from whose reports 
the following items are taken. The rough outlines of figure 4 are con- 
structed in perspective, with exaggerated height, from Agassiz charts; 
the squares in the perspective network are 2 nautical miles on a side. 
The dimensions of the uplifted atolls and of some neighboring sea- 
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level atolls are presented in the table below, in which the first column 
gives the letter by which the island, named in the second column, is 
designated in figure 4; the third column gives the page in Gardiner’s 
report, and the next two columns the page and the plate in Agassiz’ 
report, where descriptions and charts of the atolls may be found. The 
table is arranged with the best preserved atolls, adjoined by sea-level 
fringing reefs, as its first members; with dissected limestone islands 
enclosed by barrier reefs as its middle members; and with two almost- 
atolls and one true atoll as its final members. Columns 6 and 7 give 
the dimensions in miles and the height in feet of the uplifted calcareous 
islands. Columns 8, 9, and 10 give the character of the surrounding 
sea-level reef, its dimensions, and the depth of its lagoon. 


(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 


LETTER NAME pecan AGASSIZ pate HEIGAT| NEW REEF pane DEPTH 
Vatu Vara 462 | 53} 19 | 12x14] 1030 | fringe 14x2 
A Naiau 462 | 52] 20 | 34 x2 580 | fringe 4.x 2S 
B Kambara 463°| 98) 22| 3 x5 320 | fringe 33X55} 2 
Wangava 461 | 66)°22 | 1) x3 290 | fringe > ee 8 
Vanua Vatu 462 | 121) 21 | 14x 12 | 310 | close br. 4) 22533 2 
(G Fulanga 457°|. 62! 23:| 5 x3%)| 260 | fringe-br. hbo eae 
D Tuvuthaé AG2 |e SLE 20" Se x2 800 | close br. 1x3 8-9 
E Namuka 461 | 57} 22 | 44.x1}3| 260 | barrier 4x23 11-13 
F Ongea 460 | 60) 22|4 x2 270 | barrier Sexo) OSs 
fix 2 300 
G Yangasa 461 Al 22a ees 390 | barrier 9 x53] 16-19 
sas ce * 210 
i x? 270 
Aiwa 94) 21 2 xe 210 | barrier 9. x3 | sl8—23 
sl Oneata O21). 3 x 2 160 | barrier 11 x 2-5} 18-20 
J North Argo 125) 220 | ax 80 | ‘alm. atoll (5 x@i sige 
K Reid 124), 20} ix 50:'|’alm. ‘atoll | 7. ors 20 
L Great Argo 124| 21 atoll 22: x9 | 30-36 


The first seven islands preserve the form of atolls so well that their 
emergence must be of recent, postglacial date, and may have been 
nearly synchronous; but as their altitudes vary greatly, uneven upliit 
and not a fall of ocean level must be appealed to in accounting for their 
emergence. It is noteworthy that all these little-dissected islands are 
surrounded by sea-level reefs of the fringing or close-set barrier type. 
On the other hand, the five following islands, which lie to the eastward 
of the preceding seven, do not present the form of atolls; they are of 
irregular outline in plan and profile; two of them are discontinuous 
groups of small limestone knobs. If any other origin than uplifted 
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atolls were available for high-standing oceanic limestone islands, these 
examples might be ascribed to it; but in the absence of other origin, 
it seems reasonable to regard them as maturely dissected atolls. They 
must have been uplifted earlier than their little-dissected neighbors, 
probably during the Glacial period and not after its close. It is here 
noteworthy that the surrounding sea-level reefs are relatively distant 
barriers. Two other examples, North Argo and Reed, take their 
names, not from the little islands that they enclose, but from the en- 
closing reefs themselves: they lie farther east than the others and are 
classed today as almost-atolls; one of the islands in the North Argo 
lagoon is “stated to be of volcanic origin;’ both islands in the Reid 
lagoon are ‘“‘probably of elevated limestone.” Finally, Great Argo 
reef is a true atoll, the largest of its kind in Fiji. It is noteworthy that 
these islands are so distributed as to indicate a westward wave-like 
progression of a meridional belt of upheaval, so that the earliest up- 
lifted reefs, all lying to the eastward, are at present greatly dissected and 
somewhat depressed, while the latest uplifted reefs, all lying to the west- 
ward, are little dissected; farther west still a number of islands show 
no signs of uplift, as if the wave of uplift had not yet reached them. 
Now although the first ten islands of the table are higher than 240 
feet, they do not exhibit any volcanic foundation. The first five of 
these are, however, so little dissected that the volcanic foundation, if 
above sea-level, may be concealed by its limestone cover. The absence 
of a volcanic foundation in the next five argues strongly against the 
Glacial-control theory; for in Fulanga, although the reef rim is not 
much dissected, the enclosed area has depths of 4 or 5 fathoms in its 
lagoon, the bottom of which is thus 290 feet below the rim crest; Tuvutha, 
which reaches the exceptional height of 800 feet in its northern part, 
reveals no volcanic platform at or below a height of 500 feet in its 
center; Namuka, Ongea, and Yangasa, more dissected and embayed 
than the hypothetical island of sector H, figure 3, show no volcanic 
platform, although the vertical measure from their somewhat aggraded 
lagoon floors to their somewhat worn-down summits ranges from 330 
to 500 feet; this is*amply sufficient to reveal a volcanic platform if it 
occurred at the depth of 240 feet below the original reef-level of the now 
dissected islands. Aiwa and Oneata, small limestone islands in rather 
large lagoons, although they have undoubtedly lost something of their 
original height, have vertical measures of 350 and 280 feet between 
lagoon floor and island top. The three remaining examples are ad- 
mirable illustrations of Agassiz’ theory that some atolls are derived 
from uplifted and worn-down limestone islands; but the sequence of 
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forms here given does not, to my reading, support his view that the 
uplifted limestone islands were not atolls of an earlier generation. 
Indeed it is a good deal of an assumption that Great Argo reef, a true 
atoll today, has ever been uplifted, for it contains no limestone islands: 
the reason for supposing it to have been uplifted is, that limestone 
islands, mere remnants of formerly larger masses, occur inside of the 
neighboring barrier reefs. But if Great Argo reef represents an uplifted 
and worn-down atoll, its uplift must have been relatively early because 
its erosion is completed; and if its uplift were early, its previous abrasion 
must according to the Glacial-control theory, have been accomplished in 
much less than the whole of the Glacial period; yet this is the largest 
atoll in Fiji. 

A sixteenth example might be added, farther north than the others 
and about on the meridian of the maturely dissected limestone islands, 
although in its original form before uplift it appears to have been not 
a true atoll, but an almost-atoll: that is, a reef enclosing a lagoon in 
which a small volcanic island still survived. This is the group of 
islands, of which Vanua Mbalavu is the largest, enclosed by the great 
Exploring reef, some account of which has been given in an earlier 
article (these PROCEEDINGS, 2, 1916, 471-475). The original sea- 
level outline of this almost-atoll reef appears to have enclosed a large 
and irregular lagoon, 15 by 25 miles in diameter, in the western part of 
which a small volcanic ridge rose in Pliocene or Pleistocene time to a 
height of 200 or 300 feet: after an uplift of over 600 feet, the limestone 
plateau was greatly eroded, and reduced for the most part to moderate 
or small relief, so that in Pleistocene time its larger and higher surviving 
fragments, partly limestone, partly volcanic, were but a small fraction 
of the original mass; then the resulting lowland was submerged, and the 
present barrier reef was built up around its margin; but be it noted 
that this recent submergence cannot be fully accounted for by the 
Postglacial rise of ocean level, because the enclosed lagoon floor deepens 
from 20 fathoms near its western side to over 100 fathoms at its eastern 
side, thus implying a recent tilting, as Agassiz noted; and this tilting 
would represent the sinking side of the wave-like upheaval above 
mentioned. ‘The surviving islands are pertinent in the present con- 
nection because several of them show volcanic rocks unconform- 
ably covered by eroded limestones, remnants of the uplifted almost- 
atoll: the contact of the two kinds of rock is not a level platform 
at a depth of about 240 feet below the highest limestones; on the 
contrary, the contact exhibits rounded forms and moderate slopes 
such as characterize volcanic islands maturely dissected by subaerial 
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erosion; and the occurrence of such forms beneath heavy limestones, 
600 feet or more in thickness, clearly demonstrates the submergence 
of a previously eroded volcanic mass by over 600 feet, while the lime- 
stones were forming. Thus not only the recent history of the present 
barrier reef around Vanua Mbalavu, but also the Pleistocene history 
of the now dissected almost-atoll, of which Vanua Mbalavu is a remnant, 
testifies unqualifiedly in favor of Darwin’s theory of coral reef and 
against all other theories. [Since the above was written Foye® gives 
independent evidence of the eastward tilting of Lakemba, which is on 
about the same meridian as Vanua Mbalavu.| 


1J.S. Gardiner, Cambridge, Eng., Proc. Phil. Soc., 9, 1898, (417-503). 
2 A, Agassiz, Cambridge, Mass., Bull. Mus. Comp. Zool., Harvard Coll. 33, 1899, (1-167). 
3W. G. Foye, Amer. J. Sci., New Haven, 43, 1917, (343-350). 


STUDIES OF MAGNITUDE IN STAR CLUSTERS, VII. A METHOD 
FOR THE DETERMINATION OF THE RELATIVE 
DISTANCES OF GLOBULAR CLUSTERS 


_ By Harlow Shapley 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, June 9, 1917 


More than 150 variables for which the light changes are rapid and 
periodic have been found among the thousand brightest stars in the 
globular cluster Messier 3. Eighty per cent of them were discovered 
twenty years ago by Professor Bailey at Harvard,! and the remainder 
three years ago by the writer at Mount Wilson.? The light variations 
of these stars are typical of a large class of variables—the short period 
Cepheids—some of which are found among the stars in the sky at large, 
though the far greater majority of those now on record are confined to 
a few of the globular clusters and to the Magellanic clouds. Wherever 
found they appear remarkably alike in range of variation, spectral 
type, color variation, length of period, nature of light changes, and 
even in the irregularities of the periods and the fluctuations of the light 
curves. 

Recent work with the 60-inch reflector on the variables in Messier 3 
is supplemental to the determination of light curves and periods by 
Bailey,’ and is incorporated in the general study of magnitudes in clus- . 
ters primarily for the intercomparison, on the basis of the Mount Wilson 
scale of magnitudes, of the brightness of variables in this and other 
globular systems. It is part of an investigation of the magnitudes and 
colors of all the brighter stars in Messier 3, and follows the methods 
previously employed.‘ 
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As much of Bailey’s work preceded the establishment of the North 
Polar Sequence, his values of the magnitudes and ranges of variation 
may now be standardized. A sample of the revised data is given in 
table 1. The variables differ very little from each other in any respect, 
and particularly significant is the striking similarity of the median 
magnitudes. Bailey derived light curves and periods for 110 variables 
in this cluster, and 54 of them were chosen as fairly free from uncer-_ 
tainty. The median magnitude (defined as the mean of maximum 
and minimum) of these 54 stars is 15.49, on the Mount Wilson system, 
with a probable error of less than a hundredth of a magnitude. The 
average deviation from this mean for a single star is +0.07, and the 
largest deviation is less than two-tenths of a magnitude. If all 110 
variables are used, the mean is 15.50+0.006, and the average deviation 
is +0.08. The distribution of the residuals follows the law of error as 
closely as could be expected for a small number of values. 


TABLE 1 


BAILEY’S MAGNITUDE MOUNT WILSON PHOTOGRAPHIC MAGNITUDE ean 


Seni a a ee MAGNITUDE 
Maximum Minimum Maximum Minimum Range 
days 
9 0.542 14.60 16.76 14.82 16.15 1.33 15.48 
10 0.570 14.75 16.70 14.92 16.11 1.19 1352 
27 0.580 15.00 16.68 15.06 16.10 1.04 15.58 
34 0.559 15.00 16.70 15.06 16.11 1.05 15.58 
38 0.561 14.80 16.83 14.95 16.19 1.24 15.5% 
40 0.552 14.70 16.83 14.88 16.19 1541 15.54 
49 0.548 14.76 16.76 14.93 16.15 1 (22 15.54 
63 0.570 14.80 16.62 14.95 16.06 fou 15.50 
80 0.539 14.74 16.70 14.91 16.11 1.20 15.31 


Great extremes of absolute brightness are known to exist in Messier 
3—nine or ten magnitudes, at least. More than 20,000 stars fainter 
than these variables have been photographed at Mount Wilson, but 
no other variables of this or other types have been found among them. 
The result is confirmed by an examination of long-exposure plates at 
Harvard. The periodic light variations are apparently confined to a 
narrow interval of brightness. 

Since the deviations of the median magnitudes from their mean are 
far within the errors of observation, the conclusion is forced upon us 
that in Messier 3 short-period variation is associated with stars of a 
very definite intrinsic luminosity. The situation of the variables in a 
distant globular system necessitates the equality of absolute as well as 
of apparent magnitudes. Moreover, the work on color, so far as it has 
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gone, implies that the spectra are all likewise strictly comparable. 
We conclude, therefore, that in surface brightness and volume, and 
probably in mass, density, and other physical properties, these 110 
stars are almost identical. 

Whether the isolated variables of this so-called cluster type also are 
exactly alike in luminosity, we have at present no means of knowing, 
other than analogy, because their distances are unknown and their 
apparent magnitudes differ greatly. To investigate further the pos- 
sible generality of a law of constant median magnitude, some special 
studies of the variables in other clusters have been made. ‘The ex- 
tended discussion will appear in the Astrophysical Journal. ‘The results 
are summarized in the following numbered paragraphs. 

1. In Messier 5 Bailey has recently determined the periods and light 
curves of about 70 variables.> Excluding those that are nearer the 
center than 1’.2, the results for which must be uncertain because of 
the crowding of images, and omitting also three for which the periods 
exceed a day, the median magnitude of the remaining 61, referred to 
Mount Wilson standards, is 15.26+0.01, the average deviation for a 
single star being +0.075. Considering only the 30 light curves selected 
by Bailey as well-determined, the mean median magnitude is 15.25, 
with an average deviation of +0.08. 

2. In Messier 15 are 51 known variables,! but the light curves have 
not yet been determined. On three plates the extreme magnitude 
range of the variables has been measured and found to be: 


} VA aut soo a a a 142908" “ extremes on Tange... eid oy ee i222 
MUMIA? 3. Me os aes £6720>°\ Medianimagmitude, ).iui6,.8. 304 dee (PS 99 


Two peculiarly bright stars, suspected of variability, are excluded. 
The range of variation is in very good agreement with the mean ranges 
for Messier 3 and 5, and, although the results are not final, the median 
magnitude is probably correct within a tenth of a magnitude. 

3. In the southern cluster w Centauri three subclasses of cluster 
variables are recognized. Treating each separately we have, for the 
stars whose classification is certain, the results of table 2, which are 


TABLE 2 
SUBCLASS | Vanrantes | MAN PERIOD| yescyrrupe | VARIAMON | MAGNITUDE | DEVIATION 
Ce ere en here 
| Rae ae 33 0.586 12.99 1.14 13.55 +0.09 
ae 1 0.752 13.11 0.87 13.55 +0. 10 
Bs |, 0 28 0.395 13.33 0.56 13.61 +0.09 


Pee! 76 13,57 +0.10 
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taken from Bailey’s tabulation with only slight modifications and addi- 
tions. Subclass a, as the range of variation suggests, is the type that 
prevails in Messier 3 and 5. Although the stars of the three groups 
differ from each other in maximum and in range, as well as in period, 
the median magnitude is the same. The distribution of deviations 
again follows closely the probability curve. As before the short period 
variables are restricted to a small interval of brightness which can be 
represented with high accuracy by a mean median magnitude. The 
whole interval observed in w Centauri is six or seven magnitudes, but 
no fainter variables are found, and the two or three brighter ones are 
long-period Cepheids. ‘The magnitudes used for this cluster are not 
referred to the Mount Wilson system, and, therefore, are not strictly 
comparable with those of the other clusters. They are probably about 
right, although the uncertainty may be as much as half a magnitude. 

4. Ten stars in Messier 2 have been suspected of variation.1 Eight 
have been verified on Mount Wilson plates, but as no comparisons with 
the Pole have been made, only provisional results are available. Meas- 
ures on three plates give the extreme variation as one and a third mag- 
nitudes, agreeing with all that precedes in showing that the short period 
variables are confined to a definite limit of magnitude. 

These results for the variables in five clusters have an obvious appli- 
cation in the determination of relative parallaxes. We need only the 
hypothesis, apparently reasonable in the light of the foregoing discussion, 
that the absolute median magnitudes, which appear so constant in 
each cluster, are actually identical in all systems. The observed dif- 
ferences in the mean values then become sensitive criteria of distance, 
and the relative parallaxes of these remote systems can be known with 
an accuracy which will depend only on the precision with which the 
photographic magnitudes can be determined. 

For instance, we find above that the median magnitude for Messier, 
3 is 15.49+0.01, and the corresponding value for Messier 5, 15.25 +0.01. 
Possibly there are small systematic errors due to choice of variables, 
to errors in the maxima, or to remaining errors of zero point, which 
are not eliminated in taking the difference. But certainly we know 
the difference in the two median magnitudes within a tenth of a magni- 
tude, and consequently the difference in distance of these remote and 
nearly equidistant clusters within 40% of its value; while the difference 
in distance can be known within 7% of its value, if either cluster is com- 
_ pared with w Centauri. And once we find the absolute median magni- 
tude of such variables—by no means a hopeless task—the actual dis- 
tances of all clusters with typical variables can be determined within 
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5%, an accuracy as yet quite unattainable by direct measurement for 
any stellar object except the nearest stars. 

The derivation of a probable value of the absolute luminosity of 
cluster-type variables will be given in the extended paper. Provision- 
ally we observe that the absolute median magnitude is probably within 
the limits —0.5 and +1.5 (unit of distance, = 0”.01), and on that 
basis the absolute parallax of four of the above clusters is as follows: 


ISSIR Ieee gO chara ee en oR a between 0”00006 and 0”00016 
1:1 CSSSF 7Sr SALAS RASS a Re rae ee NN, ORS a between 0.00007 and 0.00018 
Ia LER eS itt Leyes a NU a Va Fa A a between 0.00006 and 0.00015 
By COS EET ON ete SRA ARE NR ek ORs es ee a between 0.00015 and 0.00038 


Only a small number of the globular clusters are known to contain 
short-period variables. The relative distances of the others can be 
estimated, however, on the basis of a relation, found in the clusters 
that contain variables, of the median magnitude to the average magni- 
tude of the brightest stars. To derive this relation the photographic 
magnitudes of all the brighter stars in each cluster were determined, 
excluding stars more distant from the center than 10’ as possibly not 
members, and also these within 2’ as too liable to uncertainty of meas- 
urement. Of those remaining, the first five in order of brightness were 
discarded as superposed stars, or as non-typical in luminosity. The 
mean magnitude of the next 25 stars, a homogeneous group of highly 
luminous objects, was formed. Thus were obtained the results of 
table 3, which seem as remarkable and as significant for stellar theories 
as the phenomenon of constant median magnitude. 


TABLE 3 
MEDIAN AVERAGE NUMBER ace AVERAGE MEDIAN ; 
a MAGNI- Ipevranton| OF YAR | TUDE _honvixrson| iies,,| WEtGHD 
25 STARS 
MGS HOR Siac tisetic sca), | 10.50 e008 110 | 14.14 | +0.16] 1.35 4 
WEES O) eh ee es) LO. 20 | = O.075 61 13.92 | +0.15 | 1.34 y 
leSSICL NON eens ss a...) 15,09 : 49 14.28 | +0.18 | 1.31 52 
PVEESSICE 2 tee Sa 8 +0.22 ) 1.4 ae | 
WWelchted meal GIMETENCe. 62 66...00 hos kd ee dee em swe ere ve deew oe os Pav alt-35 


In view of these results it is reasonable to believe that, if short-period 
variables did exist in one of the many globular clusters in which they 
have not been found, their median magnitudes would average about 
1.35 fainter than the average magnitude of the 25 selected brightest 
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stars. In other words, it is proposed to estimate the distances of clusters 
lacking typical variables on the basis of their bright stars. | 

Finally it may be noted that our assumption of the identical lumi- 
nosity of these variables in the various clusters tacitly implies that the 
corresponding variables in the galactic system are all of the same abso- 
lute magnitude. That leads immediately, and without further hypothe- 
sis, to the derivation of highly precise relative parallaxes of the 40 
scattered stars of this type, and as some of these variables are extremely 
faint, the results bear directly on the extent of the general stellar 
system. 

Summary.—(1) The median magnitude of the short-period variables 
apparently has a rigorously constant value in each globular cluster. 
(2) These stars also possess essentially identical spectra and color vari- 
ations. (3) Such phenomena, implying remarkably similar physical 
conditions for all cluster-type variables, must play an important part 
in theories of Cepheid variation. (4) The present use of the photo- 
graphic magnitude observations, however, is to derive accurate relative 
distances of globular clusters on the basis of the differences, from system 
to system, of the mean median magnitude. (5) The method extends nat- 
urally to all isolated cluster-type variables in the galactic system. (6) 
By means of a relation between the median magnitude and the magni- 
tudes of the brightest stars in a cluster, the relative parallaxes of the 
many clusters lacking variables may be estimated with considerable 
assurance when the magnitudes have been measured. (7) The deter- 
mination of the absolute luminosity of some of these variables will give 
immediately absolute individual distances of the clusters and of the 
forty isolated cluster-type variables of known magnitude and period. 
(8) A preliminary value of this absolute median magnitude indicates 
that with one or two exceptions no globular cluster is nearer than thirty 
thousand light-years (« = 0”.00012). 


1 Bailey, S. I., Ann. Obs. Harvard Coll., Cambridge, 38, 1902, (1-252), page 2. 

2 Shapley, H., Mt. Wilson Contrib., No. 91; Astroph. J., Chicago, 40, 1914, (443-447). 
3 Bailey, S. I., Ann. Obs. Harvard Coll., Cambridge, 78, Part I, 1913, (1-98). 

4 Shapley, H., Mt. Wilson Contrib., No. 115, 1915, (1-92), pages 8 to 22. 

5 Bailey, S. I., Ann. Obs. Harvard Coll., Cambridge, 78, Part II, 1917, (103-192). 

6 Tbid., 38, 1902, (1-253). 
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THE PRINCIPAL AXES OF STELLAR MOTION 
By H. Raymond 


DUDLEY OBSERVATORY, ALBANY, N. Y. 
Communicated by E. B. Frost, May 28, 1917 


Suppose the stars of known motion transferred to a fixed point O, 
and allowed to move with their present velocities for a definite length of 
time. They will have expanded into a cluster, the ‘velocity-figure.’ 
According to the older idea that the stars were moving ‘at random,’ 
this cluster should be spherical. Since J. C. Kapteyn showed! the 
figure to be elongated, several methods of finding the amount and 
direction of elongation have been proposed and used. Some of these 
make use only of the directions of observed proper-motions, leaving 
the amounts of those motions wholly out of account, thus avoiding the 
difficulties caused by our ignorance of the distances of most stars; and 
are based on some hypothesis as to the actual shape of the velocity- 
figure. The most notable of these are A. S. Eddington’s? and K. 
Schwarzschild’s.2 The method here used makes no assumption as 
to the form of the velocity-figure, and is essentially a process of finding 
its principal momental axes. It thus belongs to the same genus as 
those used by C. V. L. Charlier,t K. W. Gyllenberg,> A. S. Eddington 
and W. E. Hartley,® and H. C. Plummer.’ 

Let the coordinates of a star in the velocity-figure, referred to suitable 
axes through O,—say to the First Point of Aries, to (6h, 0°), and to the 
North Pole, respectively,—be x’, y’, 2’; the direction cosines of an 
arbitrarily chosen line be /, m, m; and the projection of the star S upon 
this line be P. Then the component of motion in the direction 1, m, n, 
is p = OP = Ix’ + my’ + nz’. Representing the mean of a quantity 
by enclosing it in square brackets, 


[pp] =P [a’x’] +m? [yy] +7? [2’2’] +2 lm [x’y’] +2 In [x’s’]| +2 mn |y’s’] (A) 


The axis of preference is defined as the line for which [p)] is a maximum; 
for the axis of avoidance [pp] is a minimum. 

Newcomb, in his paper ‘on the Principal Planes toward which the 
Stars Tend to Crowd,’ applies to another problem an essentially similar 
process, and gives a detailed solution by Lagrange’s method for a 
maximum or minimum of (A), from which the procedure of this investi- 
eauion 1s adapted. Puttine. A) — [x’x'|, B= [y'y'|, C = [zz], D = 
[x’y'], E = [x’2’], F = [y’z’], the maximum, minimax, and minimum 
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values of [pp] are the three roots of the cubic 


(A—2) D E 
D (B—») F = 0 (B) 
E F (C —2) 


and the corresponding values of /, m, n, are derived by inserting these 
roots successively in the set of equations 


(A—av) + Dm + En = 0 
Di + (B—\)m + Fn = 0 (C) 
El + Fm + (C—v)n = 0 


The coordinates x’, y’, z’ are referred to the unknown center of gravity 
of the velocity-figure. We can observe only the velocities x, y, z,_ 
relative to the moving sun. But we readily find that 


[2e"ac"] = [aac] — [x] - [x] [x"y’] = [xy] — [x] - Ly] 
Ley) Lal lanl yh [x'2'] = [xz] — [x] - [2] (D) 
[2’2’] = [zz] — [a] - [2] [y’2'] = [yz] — [yl - [el 
The quantities [x], [y], [z], are the negatives of the coordinates of solar 
motion, according to the method of Bravais. 

We are limited to the use of the proper-motions alone, or the radial 
velocities alone, since to combine them requires a knowledge of indi- 
vidual parallaxes which we do not possess. The rectangular components 
of the proper-motion part (tangential to the celestial sphere) of fhe 
stellar motions, resolved as before, may be expressed in terms of the 
proper-motions py, »’, and the spherical coordinates of the stars, while 
u, w may be expressed in terms of x, y, z. Designating the tangential 
part by subscript /, we readily obtain ! 


x, = x(1 —cos?a cos*5) —y sin a cos a cos?§ — 3 cos a sin @ cos 6, 


and similarly for y; and 2. From these x, #1, etc., are found by multi- 
plication. The means of these quantities are found by integration over 
the sphere. They are, cleared of fractions, 


3 [a1] = 2 [2] 15 [xy] = 7 [xy] 

3[y] = 2[y] 15 [xz] = 7 [x2] 

3 [zi] = 2 [2] 15 [yz] = 7 [yz] (E) 
15 [xia] = 8[xx] + [yy] + [22] 


1S[ymn] = [xx] + 8lyy] + [22] 
1S[a2a) = [xx] + [yy] + 8 [zz] 


The admissibility of these integrations depends upon certain con- 
ditions, which may be stated in the form of three hypotheses: 
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I. The stars are evenly distributed over the sky. 

II. The distribution in distance is the same in different parts of the 
sky. 

III. The motions of the stars are distributed in the same way in all 
accessible parts of space. 

These hypotheses are of course not rigorously true. III is open to 
objection, but if it is not at least approximately true we have no general 
problem, merely a number of local problems. After the mean square 
velocities in the three principal directions are known, failure of II, so 
far as effect of different mean square parallax in different parts of the 
sky is concerned, may be taken care of and a new approximation made. 
The theoretical value of [x41] + [yu] + [2:21] can be computed for each 
region of the sky and compared with the observed values. A difference 
may be considered as due to the stars being nearer or farther than 
the average and factors applied accordingly. These approximations 
converge very rapidly; in fact, the error from the source considered is 
small, even in the first solution. Errors due to the spread or range 
of the stars in distance are not corrected by this process, but must 
usually be negligible. Hypothesis I can be made valid by simply 
weighting the material proportionally to the area of the sky covered, 
instead of proportionally to the number of stars. 

The material used was the 5943 proper-motions less than 80” per 
century from Boss’s Preliminary General Catalogue. Of these, 5384 
were Jess than 20” per century (allowing for solar motion’) and were 
called “S”’; the remaining 559 stars of larger proper-motion were called 
“L.” Group S was subdivided according to type of spectrum as fol- 
lows: B, types Oe5 to B 5, 492 stars; A, B 8 to A 4, 1647; F, A 5 through 
F, 656; G, 446 stars; K, 1227; M, 223; X, including stars of unknown 
type—mostly faint—and some of types N, O, and P, 693 stars. 

The numerical results appear in the accompanying tables. Table 1 
gives, in column 1, the designation of the group; in 2 and 3 the Right 
Ascension and Declination respectively of the direction in which [pp] 
is a maximum—the vertex of preferential motion; in 4 and 5, the same 
for direction of least motion. The third direction, in which [pf] is a 
minimax, is necessarily at right angles to each of these, hence is not given. 
The last three columns give the value of [pf] for these three directions. 
Unit of motion, 1” per century. 3 

Table 2 gives the solar motion derived at the same time. A and D 
are the Right Ascension and Declination of the Apex, M the amount 
of solar motion. The last three columns are given as a means of com- 
paring the various groups. If the means without regard to sign of the 
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components of motion in the three principal directions be [uw], [v], [2] 
we have 


‘] 


[u] = v(2d1/x), [vo] = v (2d2/m), [w] = v (223/x) 


provided the components are distributed according to the error law. 
They have merely the broad characters of such distribution,—sufficient 
to justify the process in the same sense that the customary method of 
finding ‘the ‘probable error,’ without inquiring too diligently as to 
whether the errors of observation are actually distributed in the manner 
assumed in theory, is justified. 


TABLE 1 


SYSTEMATIC MOTION 


POLE OF PREFERENCE POLE OF AVOIDANCE MEAN SQUARE MOTIONS 
GROUP 
Ai Di As Ds Ai v2 As 

» Deak age oy Ate 100°6 — 38°4 180°4 +12°6 4.58 1.94 12.35 
Te Ge ae ee eg? 92.4 +1.8 182.9 +15.2 25:65 9.15 2.57 
iEGeey eet, wet ake 93.1 +2.1 185.2 +45.9 58.05 28.78 22.66 
Cal eee rears 93.8 +3.4 185.4 +24.4 32.26 15.81 9.96 
1 ERR RMasi aman: ea O31 +11.3 191.2 +35.3 29.30 18.71 11.46 
11) ee ee aR a 94.0 +25.3 205.1 +37.2 28.14 12.58 3.48 
> Se, Nee ne 83.9 +30.2 192.6 +29.0 21.08 12.72 eG FS 
Sie eas 91.9 + 4.2 183.8 +24.9 28.91 14.99 9.89 

| AE) eee Se a 0205 +35.3 OA ey +34.5 745 .6 261.4 194.7 

PAL enone a ean n 92.3 +16.9 184.7 + 8.1 107.3 58.7 31.8 

TABLE 2 
SoraR MoTION 
SOLAR APEX MEAN MOTIONS 

GROUP NUMBER (2a ud Mh ey OS A Dy A ee 

A D M [u]/M [v]//M [w]/M 

IB eee Se ae 492 274-2 +39°3 2"33 0.73 0.47 0.40 

Ae aS anion 1647 266.7 +27 .9 4.03 1.00 0.60 0.32 

Ry MG eae ee 656 262.9 +27.0 6.36 0.96 0.67 0.60 

Gee are ge 446 256.6 +45.8 2.60 1.74 1:22 0.97 

| GES aed Ace 1227 2725 +38.4 4.02 1.08 0.86 0.67 

M 223 25252 +45.7 3.45 1223 0.82 0.43 

PROUUE SoU erga hea 693 Hepa lee +42.1 3.06 1.20 0.93 0.60 

Sh eset glite te iu aa tae 5384 269 .0 +32.1 3.83 1.12 0.81 0.66 


| ARAN Piety Nia 559 269.3 rok) ip yee cli 1.01 0.61 0.52 
Fes aere ees 5943 269.1 cape Ab 5.42 1.33 PWS 0.83 
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In regard to these results the following points seem especially worth 
noting: 

1. All groups show markedly unequal motions in three principal 
directions. In all groups the direction of greatest motion, or axis of 
preference, lies near the plane of the galaxy not far from its intersection 
with the equator, the axis of avoidance is nearly perpendicular to the 
galaxy. 

Using radial velocities Gyllenberg® finds much the same axis of pref- 
erence, but the other two axes practically interchanged. So do Edding- 
ton and Hartley® for later types, but their results for early types agree 
better with table 1. Are these differences real, in the sense of being 
typical of what may be expected whenever radial velocities and proper- 
motions are compared? If so, what peculiarity of distribution or of 
motions in space, out of the many that might easily be suggested, lies 
back of it? Here is a subject well worth investigation. 

2. The separation of the poles of preference into two groups corre- 
sponding respectively to ‘early’ and ‘late’ types,® is confirmed. There 
seems to be some evidence of progression of the same character within 
each of the two groups of types, as if with advance of type the 6-hour 
vertex moved northward. With advance of type there is an increase 
of stellar as compared with solar motion; that in the preferred direction, 
however, increasing less than the other two components. 

3. The apices of solar motion show the division into two groups al- 
ready found by several investigators; A and F having apices in smaller 
R. A. and Decl. than K, M, and X. B seems to resemble the latter 
group. G is anomalous. 

These results agree rather closely with those found by L. Boss by 
Airy’s method,’ and by the writer by Schwarzschild’s method,°all 
three being based upon practically the same material. This agreement 
will be found to extend even to details. 

4. The distribution of stars of type B is so peculiar that to weight 
the material according to area covered would have been unfair. The 
integrations which give equations (E) can be made over zones parallel 
to the galaxy, and the resulting relations used to correct each zone for 
perspective separately, the material then being combined with weights 
proportional to the number of stars. The results in the tables were 
thus found; a check solution by the ordinary method gave for the vertex 
(122°,-36°). 

The vertex of preferential motion is near the antapex of solar motion. 
This may in part be a manifestation of the tendency, noted above, for 
the earlier types to have more southerly vertices. In part it is due to 
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the fact that the stars’ ‘spread’ in distance tends to produce a false 
elongation of the velocity-figure in the direction apex-antapex. This 
tendency is stronger the greater the spread, the smaller the velocity- 
figure relative to solar motion, and the more nearly spherical the figure. 
The last two causes, and possibly the first, operate strongly in the B 
stars. There is no appearance of such an effect in the other groups. 

5. The separation of groups “‘S” and ‘‘L” was made some years ago, 
for a different purpose, and according to a method which made allow- 
ance for solar motion relative to group S, but not enough for L, and 
made none for preferential motion. Consequently, while S no doubt 
represents fairly well the smaller motions, L does not truly represent the 
large ones. In group “All,” while the large motion characters are 
diluted by large numbers of small motion stars, the former have in- 
dividually much more weight than the latter; this therefore is probably 
more representative that L of the large proper-motion stars. A re- 
division into small and large proper-motions, on principles better adapted 
to the purpose of this investigation, is in progress. 


1 London, Rep. Brit Ass., 1905, (257). 

2 London Mon. Not. R. Astr. Soc., 67, 1906, (34). 

3 Gottingen, Nachr., Math.-Phys. Kl., 1907, (614); 1908 (191). 
4 Medd. Lunds Astr. Obs., (Ser. 2), No. 9, 1913. 

5 Tbid., No. 59, and (Ser. 2), No. 13, 1914-15. 

6 London Mon. Not. R. Astr. Soc., 75, 1915, (521). 

7Ibid., 76, 1915, (121). 

8 Astr. J. Boston, 612, 1910, (98). 

9 Tbid., 676, 1915. 

10 Tbid., 614, 623-4, 1910-11. 
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RELATION OF PREFERENTIAL MOTION AND OF THE SPEC. 
TRAL-CLASS AND MAGNITUDE VELOCITY 
PROGRESSIONS TO PROPER MOTION 


By C. D. Perrine 


OBSERVATORIO NACIONAL ARGENTINO, CORDOBA 
Communicated by E. B. Frost, May 28, 1917 


' This investigation concerned the relation between the preferential 
motion or streaming of the stars as interpreted by the ellipsoidal theory, 
and the size of proper motion. 

It is based upon the radial velocities of Campbell’s L. O. Catalogs? 
and Adams’ Mt. Wilson Catalog,? a total of some 1800 stars. The 
stars, after being cleared of the effect of solarmotion, were divided into 
two classes according to size of proper motion, the ‘large’ ones being 
0.”10 per year and over, while the ‘small’ ones are less than 0.”10, and 
into three classes by magnitude. The stars of Campbell’s catalogs were 
divided into two groups, those of magnitude 2.9 and brighter and those 
of 3.0 to the limit of his catalogs which contain few stars fainter than 
53 magnitude. Adams’ stars, with but few exceptions, are between 
magnitudes 5.5 and 6.5, and were treated separately as a third group. 

Following the method of Kapteyn and Adams,’ the radial velocities, 
without respect to sign, of the stars within 50° of the vertices of the 
ellipsoid were combined to represent the major axis of the ellipsoid 
which is designated by p.. In a similar way those between 60° and 90° 
of the vertices were combined to represent the minor axis 1. 

The prolateness obtained for the stars of small » of class F in Camp- 
bell’s stars of 3.0 and fainter was 1.91. An examination showed that 
the average value of uw for these stars was considerably higher than for 
the other classes with small ». The experiment was tried of limiting 
the proper motions of this group to 0.”05 which reduced the prolateness 
to 1.17. None of the other groups were so restricted in the matter of 
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size of proper motion. The results for the different spectral classes are 
given in table 1 where the numbers of stars in the groups are in 
parentheses. 

TABLE 1 


PROLATENESS FROM RADIAL VELOCITIES 


Po/Py 


CAMPBELL’S L. O CATALOGS 
ADAMS’ MT. WILSON 
CATALOG 


a8 et 2.9 and brighter 3.0 and fainter 

Small yw Large yu Small yu Large pu Small uw Large 
Be Fern te aoa cis (30) 1.81 (113) 0.96 ( 81) 0.82 
Ys es aa aR i aos (127) 1:18] (31) 1.79) (110); 1223)5(0) ese 
A BENG, Sa noe ee Rar (38) 1:17|/(126) 1.63) (18). 1.33111) 2206 
Gee A eg AE aise rete (81) 1.31) (41) 1.54] (55) 1.64/(29) 2.88 
eran Wee deal ee) (226) 1.09| (124) 1.42 
Nee rece ieee Aezen ah ai (52) 19 S13) 1396 
KN ey OOS Oe oi (84) 1.17|(31) 1.19 
Aor Giant batees: (18) 4.56 |(25) 1.50 


With the exception of the K and M stars of Adams’ catalog and those 
of 2.9 and brighter of the same classes in Campbell’s catalogs, a con- 
sistently smaller prolateness is shown for the small than for the large 
proper motions. These exceptions may be only coincidences, but they 
require further investigation. 

The underlying idea in this investigation was that the nearer stars 
(those of large w and also the very bright stars) might be subject to 
different preferential motions from the more distant stars. This was 
indicated by anomalies in the position of the apex of solar motion yielded 
by 110 of the stars of magnitude 2.9 and brighter, and in the positions 
yielded by the different sizes of proper motion. It is to be noted that 
the 30 bright B stars show a large prolateness and are quite consistent 
for so small a group—half of the velocities in the regions of the vertices 
of the ellipsoid are larger than any in the regions at right angles to the 
axis. ‘The large velocities are found in the region of both vertices. The 
indications that the very distant stars are not subject to preference of 
motion for the ellipsoidal axis furnishes a satisfactory explanation of the 
peculiar behavior of the class B stars. 

A dissymmetry has been observed in the velocities of the A, F, and G 
stars of small uw north and south of the ellipsoidal axis which produces 
the effect of a considerable prolateness. It is in the nature of smaller 
average radial velocities for the northern stars than for other parts of 
the sky. If determinations of prolateness are confined to northern stars 
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only, values are obtained from the stars both of Campbell’s and Adams’ 
catalogs which are nearly the same as those yielded by the generally 
accepted constants of the ellipsoidal theory. 

Evidence has been encountered in this investigation that the in- 
creases of radial velocity with spectral class and with decrease of 
brightness which have been observed, are in reality, largely at least, 
manifestations of the greater velocities which occur in the stars of 
large proper motion. When classified with respect to the size of proper 
motion and relation to the ellipsoidal axis, omitting a very few apparently 
exceptional velocities, these progressions disappear almost completely 
as wil] be seen from tables 2 and 3. 


TABLE 2 
ACCORDING TO SPECIAL C1Lass* 
(Small p) 
CAMBELL’S L. O. CATALOGS 
ADAMS’ MT. WILSON CATALOG 
3.0 and fainter 2.9 and brighter 
P» Py ote a) P, P2 P, 
km km km km. km km km 
1 le eee ea (S286 (29) 1045i- 8.2° | (60). 7.9)" G3))8.2F (16) 8.9! G4)°5.3 
JOT Nica om a G49) 3971-55) - 8.1) 825.) (6) 10.5) (60) 928 (3) 4.2 
LSS ROE OPO 28! HAO) 2733 29.7 (18 )1222)) G8). 922) (4) 12.3) «66.4 
Gattis: (3) 10.61 (29). 7.8) 8.1 | (44) 11.4) (32). 8.2 Ge? <i 
AEs he cas CPS ete 24). 16 lie (9.7 |. (80!) 42"51:(120), 1088] ©) 8.81 (8) 6.2 
JU LE ealiee a eee CE 1OLON 13.) 1129)" "881213 12-4028)" 120) OO) 6.1! a) 1s 


* Rejecting a few velocities of 30 km. and over. 


TABLE 3 
ACCORDING TO BRIGHTNESS* 


SMALL ML LARGE [L 
P2 Py Pe P,’ Py Py 
km km km km km km 
2 -Qandubrighter....| (34> 13.5 (34) 6.2 (1S) 15: OF 54.28 (26) 13.6 | 35.8 
61 Se GOW 13% (617) 11,8 1) 6). 20.4 1.693 | G12) 17.6. 40.2 


Ge ee Go). 42.4 |" (169) 10.4 |" G1) 45.2 70.6 | (49) 22.3 | 39.8 


* Omitting two stars in each of the two groups of 2.9 and brighter large » because of the 
excessive effect in such small groups of their proper motions. pj and p/ have been reduced 
to proper motion unity to make them comparable in that respect. 


The conclusion from this investigation that the phenomenon of 
preferential motion for the ellipsoidal axis is confined to the nearer 
stars, in connection with the relation between radial velocity and proper 
motion which has been found by Kapteyn and Adams? automatically 
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leads to the inference that the velocities of the nearer stars are greater 
than for the distant stars. Such a condition is confirmed by the veloc- 
ities of 41 stars whose parallaxes have been observed to be 0.”06 or 
over. Their average radial velocity is 26.9 km. (or 20.7 km. if we omit 
four stars with velocities of from 73 km. to 98 km.) whereas the average 
velocity of a large number of stars of similar magnitude and spectral 
class (including many stars of small uw) which are undoubtedly at a 
much greater average distance than the 41 stars, may be taken at 15 km. 
(or 10 km. if limited to small proper motion). 

Conclusions.—1. The preference for motion in the direction of the 
ellipsoidal axis appears to be confined to the stars of larger proper motion 
and brighter than 3.0 magnitude in all of the spectral classes with the 
possible exception of K and M. The limit of proper motion below which 
little or no preference for the ellipsoidal axis is shown, appears to be 
about 0.”05. | 

2. The increase in prolateness in the stars of large proper motion can 
be traced chiefly to the direction of the ellipsoidal axis. 

3. This relation to proper motion furnishes a satisfactory explanation 
of the peculiar behavior of the stars of class B. 

4, The radial velocities of the nearer stars are larger than those of the 
more distant stars. ; 

5. When classified according to size of proper motion, and a few large 
motions are excluded, there is no certain increase in the radial veloc- 
ities of the different spectral classes. 

6. When the radial velocities are classified according to size of proper 
motion, there is no certain change with magnitude. 

The details of this investigation will be published in the Asiro- 
physical Journal. | 


1 Berkeley, Lick Obs., Univ. Cal. Bull., 6, 1911, (108); 7, 1913, (20, 113). 
2 Pasadena, Contrib. Mt. Wilson, Solar Obs., No. 105. 
8 These PROCEEDINGS, 1, 1915, (14). 


GROWTH OF ISOLATED SPOROPHYTES OF ANTHOCEROS 
By Douglas Houghton Campbell 


DEPARTMENT OF BOTANY, LELAND STANFORD UNIVERSITY 
Communicated, June 19, 1917 


In view of the speculations concerning the possible derivation of the 
ferns from Anthoceros-like forms, it seemed worth while to determine 
how far the sporophyte is capable of an independent existence when 
separated from the supporting gametophyte. 
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The highly developed photosynthetic tissues of the sporophyte of 
Anthoceros, and its long period of growth, due to the persistence of 
actively dividing cells at its base, suggest that if the sporophyte were 
able to absorb water directly, instead of through the mediation of the 
gametophyte, it might be possible for it to live and develop when sep- 
arated from the gametophyte, and thus to simulate the behavior of the 
young fern-sporophyte. 

Preliminary experiments were made in the spring of 1916, and more 
extended ones were made during the winter and spring of 1916-17. 

While these experiments were of a somewhat tentative character, 
and by no means exhaustive, the results were sufficiently interesting to 
seem worthy of record. 

The species chosen for experiment, Anthoceros Pearsoni Howe, is a 
common liverwort in the vicinity of Stanford University. Young 
sporophytes were noted during the autumn, and plants were brought in 
at intervals during the late autumn and winter. They were kept in a 
cool greenhouse where they grew luxuriantly and furnished abundant 
material for experiment. | 

The large foot of the sporophyte is so completely grown to the sur- 
rounding tissue of the gametophyte, that it is impossible to completely 
isolate the sporophyte without removing the foot. It was therefore 
necessary to cut away, as completely as possible, the gametophytic 
tissues, thus exposing the foot of the sporophyte. 

In the first experiments, the isolated sporophytes were placed with 
the lower part in a nutritive solution (Knop’s Solution) but this was not 
found to be satisfactory, as bacteria developed to such an extent as to 
quite envelop the submerged part of the sporophyte, whose growth was 
thus much interfered with, although in some cases they survived for a 
month or more. 

Much more satisfactory results were obtained by planting in steri- 
lized earth. Small flower-pots filled with earth were thoroughly steri- 
lized, and after planting, the flower-pots were placed in vessels filled 
with boiled tap water, thus avoiding watering from above. Each pot 
was covered with a tumbler, and in this way the isolated sporophytes 
were kept in a healthy state for a surprisingly long time. 

Sooner or later Oscillatoria and other algal growths appeared, but 
probably with proper care these might be pretty well eliminated. 

For a short time, a slight increase in length was noted, but this was in 
no case very marked. The most striking effect of the transplanting 
was apparently a marked hastening of the spore formation. Most of 
the specimens selected had not yet begun to show spores, and the 
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young sporophyte throughout was a vivid green. After about a month, 
most of them showed the darkening of the apical region, indicating the 
presence of ripe spores, and this darkening soon extended downward 
until it embraced pretty nearly the whole sporophyte. An examination 
showed both spores and elaters to be apparently in no way different 
from those found in normal sporophytes. These spores were observed 
to germinate freely, and the young gametophytes produced from them 
were apparently entirely normal. 

As it might be argued that the small amount of gametophytic tissue 
left adhering to the isolated sporophyte might be necessary for the 
absorption of water, experiments were made in which the sporophyte 
was pulled out of the calyptra, leaving the foot behind. Although the 
larger part of these footless sporophytes failed to survive, nevertheless, 
a number of them lived for two months or more, and behaved very 
much like the others. ° : 

The only case in which there was present anything suggesting a 
formation of roots from the foot, was one where the bottom of the foot 
had been exposed by cutting away the underlying tissue of the game- 
tophyte, thus bringing the foot into direct contact with the soil. A 
couple of short outgrowths, of the superficial cells, resembling rhizoids, 
were seen, but they were too inconspicuous to be of any great impor- 
tance. It is hoped that further investigations may furnish more positive 
results. 

This much can be definitely stated. The young sporophyte of Antho- 
ceros Pearsoni, separated from its association with the gametophyte, 
is capable of a limited growth in length, and is able to mature normal 
spores and elaters from the young sporogenous tissue. 

The following data may be of interest. 

The greatest elongation noted, after transplanting, was about 3 mm. 
In most cases it was less than this. | 

The first planting was made on November 28. Some of these 
sporophytes were still alive on March 13. The foot had rotted off, 
but the chromatophores in the upper part were still green, and normal 
ripe spores had developed. 

In the later plantings, many of the sporophytes were still alive when 
the experiments were concluded, ranging from six weeks to two months 
from the time of planting. 

On January 13, a number of sporophytes, deprived of the foot, and 
thus completely severed from the gametophyte, were planted. Some 
of these were still alive on March 15. The cells of the broken end 
were still alive, but there was no evidence of rhizoid formation. Ripe 
spores and elaters were developed, as in the other experiments. 
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THE MESA VERDE TYPES OF PUEBLOS 
By J. Walter Fewkes 


BUREAU OF AMERICAN ETHNOLOGY, WASHINGTON, D. C.1 
Communicated, June 14, 1917 


The excavation of a mound in the Mesa Verde National Park, Colorado, 
by the Smithsonian Institution, at the request of the Interior Depart- 
ment, during the summer of 1916, uncovered a building called Far View 
House belonging to a type which is morphologically the same as that of 
adjacent cliff dwellings. In form Far View House differs from its nearest 
large neighbor, Spruce Tree House; its outline is rectangular while 
that of a cliff dwelling, like Spruce Tree House, follows the irregular 
walls of the cave in which it lies. So close is its likeness in other points 
that we may say that the main difference between the two is that one - 
is constructed in a cave sheltered by an overhanging roof, while the other 
is built under the open sky, without this protection; both are pure 
examples of the same type. 

The importance of site has been magnified by some archeologists, 
and it must be confessed that the resemblance of the modern pueblo type 
to that of a cliff dwelling, is not very close. ‘The accepted belief in an 
identity of cliff dweller and pueblo, largely determined by legendary 
and somatological evidences, is supported by architectural features of 
the Mesa Verde type, which is the purest form of pueblo construction. 
The former failure of house structure to adequately show this identity 
was due to the fact that modern pueblos belong to a mixed or highly 
modified type. Far View House is nearer in time as well as in form to the 
cliff dwelling, being unchanged by foreign influences. A comparison 
of it with typical cliff dwellings shows good evidences that community 
houses erected on sites so different are practically identical in details 
of construction and practically contemporaneous. 

The type of pueblo illustrated by Far View House is now extinct and 
we have reason to believe that it antedated the beginning of the seven- 
teenth century. It is therefore a true unmodified expression of the 
aboriginal mind, representing a stage in the development of south- 
western architecture preceding the modern type. 

The feature that distinguishes the community building of our south- 
west from other aboriginal dwellings north of Mexico is the arrange- 
ment of rooms in stories, one above the other. Of course in its simplest 
form it has but one story; the multistoried form is characteristic of the 
highest developed condition of the eastern or pueblo area. It is pro- 
nounced in the Mesa Verde type when there are two forms of rooms 
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structurally unlike and functionally different. Some of these rooms are 
circular, others rectangular; the former probably ceremonial, the 
latter secular, probably domiciles. Both kinds of rooms were closely 
crowded together in a compact mass, and were two or more stories high, 
the upper rooms having lateral entrances from the roofs of lower ter- 
races; the ground floor chambers generally entered through the roofs. 
In its simplest form the Mesa Verde type has but one circular room, 
centrally placed, with rectangular chambers arranged about it. The 
inhabitants carried on most of their daily occupations on the terraces; 
the men used the circular rooms for assemblies and ceremonies. 

In Far View House there are four of these circular rooms, one of which, 
the largest, is centrally placed; the rectangular rooms number about 
fifty. On the south side there is a rectangular court enclosed on three 
sides by a low wall. A few yards from the southeast angle there is a 
low mound, the site of the village burial place. 

Geographically the Mesa Verde type is widely distributed; its center 
of distribution was the valley of the San Juan and its tributaries, can- 
yons or mesas of Arizona, Colorado, Utah, and New Mexico. Examples 
of it are not only numerically most abundant in this region but also are 
the best constructed. The influence of the type extends far from its cen- 
ter of origin, becoming modified as the distance increases. It appears 
in the great communal houses of the Chaco Canyon in New Mexico and 
‘in the cliff dwellings of Canyon de Tsegi, or Chelly Canyon, in Arizona. 
The type occurs both isolated and in clustered forms, as at Mummy 
Lake on the Mesa Verde, and on the La Plata; or united in great con- 
solidated communal buildings, as in the Chaco Canyon and elsewhere. 

The position of the kiva in relation to other rooms is the most im- 
portant feature that separates the Mesa Verde from the modern pueblo 
type. The main characteristic of the latter type is diffuseness in the 
arrangement of rooms as compared with the compactness of the northern 
or more ancient form. ‘The rectangular rooms of the modern type are 
arranged in rows separated by passageways, concentrated into pyramids 
or more generally in rectangles enclosing courts. ‘This relation of the 
circular room has sufficient importance to indicate distinct types; a 
difference which is still further emphasized if we compare the structure 
of the roofs and its supports, or the ventilation and other openings in 
the floors of the Mesa Verde and the modern types. 

The modern pueblo type is marked by isolated circular kivas and 
house masses, as seen in modern pueblos still inhabited and in the 
historic ruins in that region. We find also, as at Sia and Jemez, and else- 
where, rectangular rooms united with others serving the same purpose. 
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Two explanations have been advanced to account for this condition: 
(1) The original external kivas were destroyed by the Spaniards, and 
secrecy sought by hiding the room used for rites among the rectangular 
rooms. (2) A habit of performing rites in rectangular chambers in the 
midst of other rooms has been introduced by foreign additions. The 
former explanation throws light on the absence of kivas in several Rio 
Grande pueblos. 

From what is said above it appears that the chief structural feature 
used in separating the two types of pueblos, known as the Mesa Verde 
and the modern, is the relative position of the circular kiva. The 
construction of the walls and roofs of ‘circular rooms of the two types 
is characteristic. To this last feature a few lines should be devoted. 
The two kinds of circular kivas are distinguished as follows: (1) Those 
with a vaulted roof indicated by the remains of pilasters on which roof 
beams were supported and still to be found, even if the roof itself is 
wanting; and (2) circular kivas the roofs of which were flat, the rafters 
extending across the top parallel with each other, resting not on pilasters, 
but on the edge of the wall. . 

The kivas of Far View House, as in the majority of the kivas of cliff 
houses in the Mesa Verde, had vaulted roofs; but a few kivas, like those 
of Cliff Palace, had flat roofs. Accompanying the vaulted roofed cir- 
cular kivas of Far View House was an elaborate interior construction 
for supplying fresh air, called the ventilator and deflector. In the 
flat-roofed kiva these constructions take another form, a description 
of which would take me too far afield at this time. 

Far View House is only one of several types of open-sky buildings on 
the plateau. There is another more distinctly related in form to cliff 
dwellings. I refer, of course, to the mysterious structure called Sun 
Temple, brought to light from a pile of stones by the Smithsonian In- 
stitution in the summer of 1915. 

In Sun Temple there is-a circular kiva surrounded by rooms in the 
annex, at the west end, but the rooms of the main building surround 
a central court in which are two isolated circular kivas; there is also a 
fourth kiva a few feet outside the wall near the southeast corner. In 
other words, this structure shows in one building a combination of the 
compact type and the type with separated kivas. In structural details 
the kivas of Sun Temple resemble the second or flat roofed circular rooms 
of cliff houses and towers, the distribution of which, in the San Juan 
culture area, is wider geographically than the vaulted roofed form of 
Far View House. Sun Temple is a type of its own and must be looked 
upon as a highly specialized building. The nearest approach to it, 
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in form, are the ‘towers’ widely scattered throughout the San Juan 
culture area, a type imperfectly investigated. Provisionally I will 
designate this type as the Sun Temple type. Should it, as suspected, 
turn out on renewed study to be morphologically identical with towers, 
the term ‘tower type’ would suffice for both. Awaiting this needed 
field work, we may summarize by pointing out provisionally that there 
are three types of prehistoric buildings that have been clearly recognized 
on the Mesa Verde: (1) The Mesa Verdetype; (2) the Sun Temple type; 
and (3) the tower type. The cliff dwellings and Far View House belong 
to the first of these. 

In order to bring out in clear relief the differences between these 
prehistoric types and the archaic historic, or modern type, the following 
statements may aid the student. 

A few references may first be made to rectangular chambers commonly 
called kivas, used by some of the modern pueblos for ceremonial func- 
tions. These rooms are not morphologically the same as circular kivas, 
but rather secular rooms adapted for religious functions. Among the 
Hopi these rectangular rooms are free from the houses; among some 
other pueblos embedded in them. The theory that ceremonial rooms of 
rectangular form are derived from the circular forms is not accepted by 
the author, but it is recognized that certain clans who once used free 
circular kivas now use rectangular ones. Clans that used a rectangular 
kiva at one time were not always too conservative to adopt a circular 
one, as we see from the evidence given below. 

The Hopi rectangular ‘kivas’? are isolated from house masses in the 
same way as the circular kivas of the modern type. One of the Hopi 
pueblos, called Hano, is inhabited by Tewa clans that came from the 
Rio Grande about 1770. The forms of the kivas of Tewan ruins in 
their old houses in the east are unknown, but, like Hano, had isolated 
kivas. Another foreign pueblo, on the Hopi East Mesa, called Sitcom- 
ovi, settled by clans from Zufi, also has two rectangular kivas, situated 
in its court, separated from the rows of houses. There are no isolated 
kivas in modern Zufil. 

Unfortunately kivas have not been definitely identified in Hopi 
ruins, except at Kiikiitcomo and in a ruin in the Oraibi ‘Wash’ which, 
unlike the modern, are circular. Some of the clans use secular square 
rooms surrounded by living rooms, others have rectangular kivas 
separated from these rooms; a choice of position ascribed to the con- 
figuration of their mesas. In a court of the Hopi ruin, called Payiipki, 
whose builders were Tanoans who fled from the Rio Grande region in the 
decade 1680-1690, Victor Mindeleff records two isolated kivas, the 
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ground plan of each of which was a rectangular form. The Payiipki 
people returned to the Rio Grande about 1750 and were settled in Sandia 
and Isleta, both of which now have circular kivas. 

The settlements along the Little Colorado, abandoned about the 
middle of the eighteenth century, had no circular kivas, as far as known, 
and the same is true of the ancient Zuni settlements. The present 
pueblo Zufii is of comparatively modern construction and its buildings 
show a comparatively late modern type. The form of the ancient kivas 
of the Zufii region and their situation relative to house masses has not 
been observed, or at least has not been recorded by archeologists. 
The ceremonial chambers of modern Zufii are rectangular, surrounded 
by rooms, a position that may have been chosen for secrecy or may be 
survivals of those in the Little Colorado settlements, to which some of 
the old Zufii towns were related. When excavations are made in the 
round Zufi ruins circular kivas may be brought to light, for Mota 
Padilla appears to refer to a kiva in the middle of the court of a cir- 
cular ruin called Tzibola (Cibola). 

Our knowledge of the forms of building on the Mesa Verde before the 
development of the pure types above mentioned is vague. It is possible 
that the earliest houses were not built of stone or other durable material 
but were subterranean and separated from each other. From these prim- 
itive buildings the more advanced types later developed, under the in- 
fluence of ‘cavern’ life. 

It is important to record that in the area in which the Mummy Lake 
mounds are now found there are depressions below the general surface 
suggesting subterranean pits, as if indicative of prepuebloan people 
whose homes were underground. Like pits have been described at the 
La Plata pueblo by Mr. Earl Morris, and similar structures near the 
' mouth of the Gila were recorded by the early Spanish travelers as 
inhabited at the end of the sixteenth century. Evidences are not 
wanting to support the theory that early inhabitants of the pueblo 
region not only inhabited caves in the sides of canyons, but also used 
depressions in the earth, covered with roofs on a Jevel with the surface 
of the ground. The call is urgent for renewed exploration on the Mesa 
Verde to enlighten us on,the sites and form of prepuebloan huts. 


1 Published by permission of the Secretary of the Smithsonian Institution. 

2 The name kiva is applied by the Hopi to these rectangular rooms. I find no record of 
similar rectangular isolated kivas among inhabited pueblos on the Rio Grande, although they 
are universal in Hopi. 
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A DETERMINATION OF THE RATIO OF THE SPECIFIC HEATS OF 
HYDROGEN AT 18° AND — 190°C. 


By Margaret C. Shields 


RYERSON PHYSICAL LABORATORY, UNIVERSITY OF CHICAGO 
Communicated by R. A. Millikan, June 26, 1917. 


For the purpose of this study of the ratio of the specific heats of hydro- 
gen the Lummer and Pringsheim method has been adapted to a one 
liter flask with a precision comparable with the extreme precision it has 
given in large carboys. ‘The method consists essentially in obtaining 
y from observation of the cooling consequent upon small adiabatic 
expansions by way of the ideal gas equation 


(pips) 7 = (1//03) 7. 


The cooling was in this case measured by a thermal element of 0.001 inches 
copper and constantan wires, lightly brazed at the junction, which were 
introduced through glass tubes drawn out inside to fine capillaries and 
spread nearly to the diameter of the flask, the junction being carefully 
placed at the center. The thermal E.M.F, developed by the expansion 
was measured by a null method with a Wolff potentiometer, the gal- 
vanometer sensibility being such that an equilibrium temperature could 
be read to 0.0002° Because of the finite heat capacity of the junction 
and the surgings incident to the expansion, it was necessary to observe 
the cooling at a constant interval of time after the expansion, the interval 
varying from 0.6 to 1.0 seconds in different series of observations. With 
a small container there is during this time a considerable inflow of 
heat to the thermojunction by conduction and convection and by radia- 
tion, the total inflow being a function of the time and the mounting of 
the individual junction. Since this inflow is also proportional to the 
cooling, the error due to it is eliminated by taking a series of observa- 
tions for different excess pressures and plotting y as a function of Ap 
atmosphere, (this must be linear for the expansions used, which did not 
exceed 0.04 atmosphere) and taking the limiting value of y for Ap = 0 
as the true y+. 

The method was first tested for air with three different junctions which 
gave lines of quite different slopes, but intercepts 


1.4014, 1.4019, and 1.4017. 


To this value computed from the ideal gas equation must be added a 
correction for internal work, 0.0012, as obtained from either the Berthelot 
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or the Van der Waals equation of state (cf. Partington*). The final 
value 1.4029, is in close accordance with the three values which have 
been obtained by this method in carboys of 60 to 100 liters: Lummer 
and Pringsheim,' 1.4025; Moody? 1.4003; Partington,’ 1.4032. (Moody’s 
published value has been revised by the addition of the internal work 
correction and by the removal of the applied radiation correction since 
it was already included in the intercept.) 

Data showing the same degree of uniformity were obtained in hydro- 
gen with four different junctions, in two cases the same junctions as were 
tested in air. These gave respectively 


1.4013, 1.4006, 1.4013, and 1.4017. 


There being no theoretical correction in the case of hydrogen, the 
final value is 1.4012. ‘This value, so closely, in accord with the kinetic 
theory, is contrary to the only previous evidence of weight, viz., 1.4084, 
the original determination by Lummer and Pringsheim, and 1.407 com- 
puted by Scheel and Heuse* from observations on C,, which point to 
a quantum effect in hydrogen even at 18°. 

The development of the method in a one liter flask opened the possi- 
bility of observation with a liquid air bath, at a temperature where 
determinations by Scheel and Heuse on C, and by Eucken’ on C, 
have shown hydrogen to be virtually monatomic. By introducing a 
second low resistance potentiometer into the thermojunction circuit, 
it was found possible to make the thermometric arrangement quite as 
sensitive at -190° as at 18°, in spite of the fact that the thermal E.M.F. 
per degree is only about half as great. Observations are necessarily 
less precise because of the comparatively rapid change in temperature 
of the bath and the attendant difficulty in duplicating pressures. The 
final value of y with the correction for departure from the ideal gas 
state added, 1.592 at a mean temperature of 82° A., is however probably 
correct to 0.005, and corroborates closely the work of Scheel and Heuse. 

A full account of the work will appear in the Physical Review. 


1Lummer and Pringsheim, Ann. Physik, Leipzig, 64, (536). 
2Moody, Physic. Rev., Ithaca, 34, (275). 

3 Partington, Physik. Zs., Leipzig, 14, (969). 

4 Scheel and Heuse, Am. Physik, Leipzig, 40, (473). 

5 Eucken, Berlin, Sitz Ber. Ak. Wiss., 1912, (141). 
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NOTE ON THE COEFFICIENT OF TOTAL RADIATION OF A 
UNIFORMLY HEATED ENCLOSURE 


By W. W. Coblentz 
BUREAU OF STANDARDS, WASHINGTON, D. C. 
Communicated by R. A. Millikan, June 25, 1917 

In a recent communication! I gave an estimate of the probable value 
of the coefficient of total radiation of a uniformly heated enclosure, or 
‘black body’ (Stefan-Bolzmann constant). 

It was shown that by making corrections for atmospheric absorption, 
the data obtained by various observers were of the order of 


‘¢ = 0.1 x 1074 watticmim deci: 
My own value was given as 
ag = d.12' x 10S watt cmt a2 dette 


It was obtained by applying a correction of 1.2% for losses by diffuse 
reflection from the receiver used in evaluating the radiant power in 
absolute measure. Nine receivers were used, some of which were 
covered with lamp black and some with platinum black. 

During the past winter further consideration was given (1) to the 
correction for the loss of energy by diffuse reflection from the receiver 
and (2) to the question of atmospheric absorption. 

In view of the important conclusions arrived at by Millikan? as to 
the value of this constant, as the result of his further investigations of 
the value of the electron e, it seemed of interest to record herewith 
recalculations and new experimental verifications of the data on the 
radiation constant, just mentioned. 

In the recalculations a correction of 1.2% was applied for losses by 
reflection from receivers covered with lamp black (soot) and a correction 
of 1.7% for losses by reflection from the receivers covered with plati- 
num black. These corrections were determined by direct experiment 
upon some of the receivers and by comparison of the surfaces of the 
other receivers with samples of lamp black whose reflection losses had 
been determined in a previous investigation.’ 

The recalculated value is 


g = 5.22 — 1052 = 0012 watticmieidecre: 


which is practically the same as previously obtained. 
The correction for atmospheric absorption of dry air was determined 
by observing the transmission through a brass tube 6 cm. in diameter 
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and 51 cm. long, the ends of which were covered with w ndows of clear 
rock salt. This tube was evacuated with an oil pump and then filled 
with air which had been passed through phosphorous pentoxide. It 
therefore contained carbon dioxide which causes a small amount of 
absorption. 

The transmission was determined by noting a series of galvanometer 
deflections caused by black body radiation (800° C.) which was passed 
through the evacuated tube and focused upon a linear thermopile of 
bismuth-silver. Immediately thereafter a stopcock was opened and 
either dried or undried air was permitted to enter, under atmospheric 
pressure. 

Using air containing 9.95 grams of water per cubic meter the absorp- 
tion amounted to 0.9 %. 

Using dry air, the average value of the absorption (3 series of measure- 
ments) was 0.09%; which is the magnitude of the errors of observation. 
In view of the fact that in the measurements of the radiation constant, 
the column of (dry) air was less than 50 cm. if any correction was to be 
applied it could hardly be greater than 0.1%. 

, Millikan’s calculations of o, on the basis of recent determinations of 
Planck’s element of action, #, from photoelectric measurements, and 
from his redetermination of the electron, e, iso =5.72 XK 107? = 0.034 
watt cm. ~? deg. ~*, which is exactly the result I obtained by direct 
measurement. ‘The only misgiving is that this coincidence is accidental. 
In conclusion it may therefore be stated that further experiments are 
in progress in which the whole radiometric apparatus is in a vacuum, 
the radiator being an enclosure surrounded by molten metal. 


1Coblentz, W. W., Washington, Bul. Bur. Standards, 12, 1916, (533). 
2 Millikan, R. A., these PRocEEDINGS, 3, 1916, (231). 
3 Coblentz, W. W., Washington, Bull. Bur. Standards, 9, 1913, (283), 


THE DEVELOPMENT OF A SOURCE FOR STANDARD WAVE- 
LENGTHS AND THE IMPORTANCE OF THEIR 
FUNDAMENTAL VALUES 


By Charles E. St. John and Harold D. Babcock 


MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, June 27, 1917 


The determination of wave-lengths in International Units forms an 
important part of the working program of a large number of laboratories. 
The primary International Unit is the absolute wave-length of the red 
cadmium line.! The secondaries are referred individually to the primary 
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standard and are thus freed from the systematic errors of the Rowland 
system. : 

For the main purposes which the new wave-lengths should serve, 
namely, the comparison of the wave-lengths in cosmical and terrestial 
sources, the determination of the constants in series formulae, and the 
investigation of the effect of changed terrestial conditions, thestandard 
and derived lines should be accurately reproducible and their wave- 
lengths should represent what may be considered the fundamental or 
unperturbed vibration of the emitting centers. Recent work at this 
observatory has shown, however, that the6mm.—6 amp. iron arc adopted as 
the source for International Secondary Standards,? while fulfilling to a 
moderate degree the first condition, gives for large classes of lines wave- 
lengths vitiated by pole effect.’ 

The investigation has involved the development of a standard source 
from which under ordinary working conditions both reproducible and 
fundamental wave-lengths are obtainable. The methods followed and 
the tests applied in its development are given in a Contribution from 
Mount Wilson Solar Observatory where the investigation will be reported 
in full. 

The presence of pole effect in the International arc was shown by direct 
comparison between its center and the center of the proposed or provi- 
sional standard and also by comparing the wave-lengths of the Inter- 
national Secondaries belonging to groups ¢ and d with their wave-lengths 
obtained from the new standard by means of the interferometer. The 
two independent methods gave the same result, namely, a systematic 
error of +0.006 A in the International wave-lengths of the lines of these 
two groups. 

The importance of this result lies in the systematic character and the 
magnitude of the error, which is of the order of sun-arc displacements 
upon which our intimate knowledge of solar conditions must depend. 
If the solar wave-lengths of such lines are compared with the published 
International values, the solar lines apparently shift to the violet; but 
when compared with wave-lengths representing the fundamental vibra- 
tions, the same lines are displaced to the red. Such comparisons have 
already led and must necessarily lead to mistaken interpretations of 
solar phenomena.t' The normal behavior of the great majority of iron 
lines, the stable lines of groups a and 0 is displacement to the red in the 
solar spectrum, whatever form of arc is used as the source. When the 
International or the 6 mm.—6 amp. Pfund arc is used, the iron lines of 
groups c and d are displaced to the violet and those of group e abnormally 
to the red, but with the proposed source the lines of these groups yield 
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displacements of the same sign and order of magnitude as the stable 
lines of groups a and 0. 

Tests of recently published wave-lengths of calcium and manganese 
show that they are contaminated by the disturbing influence of pole 
effect and it appears probable that little of the new work in wave-length 
determination is sufficiently free from this influence to meet the more and 
more exacting demands of the present and immediate future, for high 
accuracy in wave-length measurement. 

We recommend that light be taken from a narrow equatorial zone of 
a 4 to 5 fold enlarged image of an iron arc of the Pfund type 12 mm. long 
carrying a current of 5 amperes. With such an arc the exposure time for 
the region \ 5600 to the violet is not excessive; for the region, \ 5600 to 
» 6000, it is somewhat long when very high dispersion is required; but in 
this region the International arc is entirely lacking in stable lines and no 
element yields a sufficient number of lines of good quality here; from \ 6000 
to thered the International Secondaries belong to group 6. They are free 
from perturbing influences and for them any form of iron arc may be 
used as the source. 

To obtain dependable wave-lengths of other elements the necessary 
preliminary is an examination for pole effect. If it is found to be present, 
a method for its elimination should be worked out and applied before 
attempting the wave-length measurements. As the method of the elim- 
ination depends upon the element, the problem of wave-length deter- 
mination is no longer one of mere routine but offers opportunities for a 
real investigation. 

1 Smithsonian Physical Tables, p. 172. 

2 Trans. Int. Union Coép. Solar Research, 4, (59). 

3St. John, C. E., and Babcock, H. D., Mt. Wilson Contrib., No. 106; Astroph. J., Chicago, 
42, 1915, (231-262). 


4St. John, C. E., Mt. Wilson Contrib., No. 123, pages 11 and 27; Astroph. J., Chicago, 
44, 1916, (311-341), pages 321 and 337. 


ON THE PRESENCE OF ALBUMOSES IN EXTRACTS OF THE 
POSTERIOR LOBE OF THE HYPOPHYSIS CEREBRI 


By John J. Abel and M. C. Pincoffs 


FROM THE PHARMACOLOGICAL LABORATORY, JOHNS HOPKINS UNIVERSITY 
Communicated July 2, 1917 


In recent years some very definite statements have been made in 
respect to the chemical nature of the active principle or principles of 
the hypophysis cerebri (pituitary gland). Among the claims advanced 
none are more sharply defined than those published by H. Fiihner' on 
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behalf of the chemists of the research laboratory of the Farbwerke- 
Hoechst Company. 

From extracts of the posterior lobe of the hypophysis, which had been 
freed of coagulable proteids,? these investigators obtained a mixture of 
crystalline sulphates of high physiological activity which was quite 
unjustifiably named ‘Hypophysin.’ What misconceptions may arise 
in connection with the use of this term ‘hypophysin’—a designation for 
an unknown number of substances—may be seen when we read in a 
treatise on organotherapy that ““Hypophysin is the chemically active 
pure posterior pituitary hormone, marketed as a sulphate.’” 

Further research enabled the chemists referred to to separate their 
‘hypophysin’ into four unnamed crystalline fractions which, in respect 
to physical and chemical properties, are easily distinguished, the one from 
the other. These fractions are described in the following words: 


1. A colorless, well crystallized sulphate which easily dissolves in water 
with neutral reaction and is difficultly soluble in alcohol, acetone and ethyl 
acetate. It is optically active (laevo-rotatory, [a], = —54.02°) and carbon- 
izes without melting when heated to a high temperature. The Pauly and 
biuret reactions are positive. With picric acid this substance forms a salt 
difficultly soluble in water. 

2. There was also obtained a substance yielding a well crystallized, colorless 
sulphate which dissolves in water with faint acid reaction and is likewise 
difficultly soluble in alcohol, acetone, ethyl acetate, etc. The optical rotatory 
power of this preparation is [a], = —27.17°; it decomposes when heated to 
198-200°C. and gives the Pauly and biuret reactions. Contrary to the sub- 
stance described under (1) this compound forms a picrate easily soluble in 
water. If this substance is brought into contact with alkalies a volatile 
amine base is at once liberated. 

3. A third substance was isolated in the form of a crystalline, faintly yellow 
sulphate which, to be sure, is present in only very small amount. It is easily 
soluble in water and methyl alcohol with faintly acid reaction, and difficultly 
soluble in absolute alcohol, acetone and ethyl acetate. It turns the plane 
of polarized light to the left; its rotatory power is la], = —39.25°. On 
heating the substance decomposes at 185-186°C. The Pauly and biuret 
reactions are positive. With picric acid is obtained a salt easily soluble in 
water. ) 

4. The mother liquor remaining after the fractional precipitation of the 
three substances just described yields, on cautious evaporation in a vacuum, 
a brittle, glassy, hygroscopic mass which dissolves easily in water and methyl 
alcohol, with difficulty in ethyl acetate and acetone. The solution of this 
substance shows an optical rotatory power of [a], = —21.26° and gives the 
Pauly but not the biuret reaction. Recently it has been found possible to 
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isolate also from the mother liquors a yellow, crystalline, neutral substance 
which dissolves easily in water and alcohol, with difficulty in ether, acetone and 
ethyl acetate. The preparation in aqueous solution rotates the plane of 
polarized light to the right ([a], = +5.99°) and gives neither the Pauly nor 
the biuret reaction. The decomposition temperature is 95 to 96°C. The 
preparation gives with picric acid a compound difficultly soluble in water. 


‘Hypophysin’ (the mixture of substances) is stated by Fiihner to rep- 
resent the physiological activity of the posterior lobe in respect to blood- 
pressure, respiration and uterine contractility and the sum of the 
actions of the four crystalline fractions equals that of the undifferen- 
tiated hypophysis. 

Fiihner’s conclusions as to the pharmacological action of the four 
fractions are as follows:* 


Fraction 1 has only a slight action on the respiratory apparatus and the 
uterus, but shows the typical action of ‘hypophysin’ on blood-pressure. 

Fraction 2 has a pronounced action (ausgeprdigte Wirkung) on blood-pressure, 
on respiration and on the uterus. 

Fraction 3 behaves qualitatively like fraction 2 but has a more marked 
stimulating action on the uterus. 

Fraction 4 (mother liquor and crystalline part) has an action on the uterus 
equivalent to that of fraction 3 but only a very slight action on blood-pressure 
and on respiration. 


From his experiments Fiihner draws the conclusion that the uterus- 
stimulating power of the hypophysis, which is, practically speaking, 
the most valuable property of extracts of the gland, resides, not in one, 
but in various (verschiedene) constituents of the organ, the condition 
being analogous to that found to hold for ergot. 

From a chemical point of view, it is especially noteworthy that frac- 
tions 1, 2 and 3 give the biuret reaction as well as Pauly’s reaction and 
that all three are laevo-rotatory; fraction 1, physiologically the least 
active, has the highest rotation, jal) = —54.02°. It is easily demon- 
strated, we believe, that one or more albumoses (or polypeptids if the 
term is preferred) are present in the first three of these fractions and no 
doubt also in the fourth. We have found, as will be shown in a subse- 
quent paper, that substances of the nature of albumoses can be isolated 
from many organs, It is these substances, which are themselves in- 
active, that give the biuret, the Pauly and other reactions of the so-called 
isolated principles and that account for their laevo-rotation. 

The following analysis of one of the commercial preparations of the 
posterior lobe of the hypophysis is offered in support of our contention 
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that all those fractions of ‘hypophysin’ which give the biuret reaction 
contain albumose. The extract called ‘Pituitrin’ (Parke, Davis & Co.) 
was used first because it could be purchased in large quantities (4 oz. 
bottles). 


The contents of 10 bottles, approximately 150 cc., were extracted three 
times with ether to remove a preservative (chloretone) and then concentrated 
under an electric fan on the water bath to a volume of 10 to 15 cc. A small 
amount of flocculent material which separated was removed by filtration, the 
filtrate was diluted with an equal volume of absolute alcohol and a solution of 
lead acetate was added, which induced a very slight precipitation. Addition 
of ammonia to faint alkalinity did not materially increase the precipitate, 
from which it was concluded that no appreciable amount of native proteid 
could be present, and that no advantage would accrue from the use of basic 
lead acetate, as in the procedure which will be described in a subsequent paper. 
An albumose, especially if of secondary nature, would escape precipitation by 
ammoniacal lead acetate. The alcoholic filtrate was freed from lead with 
sulphuric acid and the filtrate from the lead sulphate was concentrated to a 
small volume (a few cc.) and treated with an equal volume of saturated am- 
monium suJphate solution. The resulting flocculent precipitate, which was not 
very abundant, was washed with half-saturated ammonium sulphate solution, 
dried in vacuo, dissolved in water and again precipitated with an equal volume 
of saturated ammonium sulphate solution. The precipitate was again washed 
with half-saturated ammonium sulphate solution and treated with an excess 
of barium hydroxide. After filtering off the barium sulphate, the filtrate 
was heated on the water bath until all the ammonja had been expelled and the 
excess of barium was removed with sulphuric acid. The filtered solution was 
then concentrated to a very small volume and dropped into absolute alcohol, 
ether being added until] no further precipitation was produced. The substance 
here thrown out, which was small in bulk (0.010 g.), was of less interest to us 
than the fraction presently to be described. It gave the Millon and biuret 
reactions, as well as that of Pauly. Knoop’s reaction for histidine was 
negative. . 

The filtrate from the half-saturation with ammonium sulphate as described 
above was saturated with finely powdered ammonium sulphate, which caused 
the appearance of a gummy precipitate so characteristic of albumoses when 
treated in this manner. ‘The precipitate was filtered off, washed with satu- 
rated ammonium sulphate solution, dissolved in water and treated with barium 
hydroxide in the usual manner. The solution, freed from ammonia and the 
excess of barium, was concentrated to a very small volume and dropped into 
absolute alcohol, the precipitation being completed with ether. The substance 
thus thrown out was collected as completely as possible and dried im vacuo; 
0.031 g. in 1 cc. of water in a 0.5 dcm. tube showed a rotation of —1.38°, 
whence [a], = —89°. When the substance was reprecipitated with hot 
absolute alcohol its specific rotation was found to be [a], = —77.6°. 
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As to ‘ts properties, the substance must be classed with the secondary 
albumoses. It has been shown to be precipitated by saturation of its 
solution with ammonium sulphate. It is non-coagulable on boiling, 
gives the biuret reaction (hemi-biuret) very beautifully, as also Pauly’s 
reaction, while Knoop’s bromine reaction for histidine is entirely nega- 
tive. This negative result with Knoop’s reagent excludes the presence 
of histidine as an admixture in our substance.® Picric acid added to an 
aqueous solution gives a precipitate. The addition of Millon’s reagent 
gave rise to a slight turbidity, but on boiling the characteristic red color 
was not obtainable. In this respect there was entire agreement with a 
secondary albumose which we have isolated from the mucosa of the 
small intestine. The ninhydrin reaction was positive when made in the 
usual manner but we are confident that this is due to the fact that ad- 
herent amino acids were not entirely removed. To do this would have 
required several reprecipitations with ammonium sulphate. 

The albumose here described was found to have a quite negligible 
action when tested with the virgin cat’s uterus. 

A secondary albumose which was prepared by digesting fresh thy- 
roid glands of the pig behaved in every respect like the above substance. 
Its specific rotation was found to be [a], = —88.1°, while that of the 
pituitary albumose varies from —78° to —89°. 


We come now to the filtrate from the complete salting out with ammonium 
sulphate. This was freed from ammonium sulphate in the usual] manner. 
Reduced to a small volume, the solution was dropped into absolute alcohol, 
the precipitation being completed with ether as with the preceding substances. 
The material thus obtained was readily soluble in water and gave the usual 
response of pituitary extracts when tested on the isolated uterus of the virgin 
guinea pig. It also still gave the Pauly and the biuret reactions, though with 
greatly lessened intensity as compared with the original solution. It fails to 
give Knoop’s reaction for histidine so that we must conclude that this amino 
acid does not exist as such in any considerable amounts, if at all, in pituitary 
extracts. The rotation of 0.0381 g. in 1 cc. of water in a 0.5 dcm. tube was 
found to be —0.52°, from which [a], = —27.4°. We have here a substance 
which may be compared with respect to physiological activity, rotation and 
chemical tests with Fiihner’s ‘hypophysin’ fractions 2 and 3. The solution 
used in the polarizing tests was saturated with powdered ammonium sulphate 
and again the characteristic precipitate of albumose was produced, though, 
naturally, it was not abundant this time. Evidently we have here the remnant 
of albumose which remained in solution after the first saturation with ammonium 
sulphate. If we were to apply this salting out to larger quantities of pituitary 
extract it is possible that more or less of a true peptone would be found in the 
filtrate. Certainly, there always remains in the filtrate, even after two 
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saturations, a substance which gives a pink biuret reaction. Only more ex- 
tended research can show to what extent this is albumose and to what extent 
peptone. 


We believe that there is no mystery attaching to the constituents of 
pituitary extracts that have been shown to give positive Pauly and 
biuret reactions and a negative Knoop’s bromine reaction. These con- 
stituents must be classed as albumoses (and even peptones) and the 
German chemists are to be congratulated if they have obtained them in 
the form of physiologically active crystalline sulphates, as has been stated 
on their behalf by Fiihner, even though they have failed to recognize 
their proteid nature. | 

We have made qualitative tests with other commercial pituitary 
extracts (Armour’s Pituitary Liquid, and Solution Pituitary Extract, 
Mulford) and have found, as was to be expected, that albumoses can be 
salted out from all of them. The amount of proteid material present 
varies considerably in these preparations—one of them (Armour’s 
Pituitary Liquid) appears to have only a trace of that form of proteid 
(coagulable proteid plus primary albumoses) which gives a precipitate 
with potassium ferrocyanide and acetic acid and to have practically all 
its biuret-yielding substance in the form of secondary albumose. 

As to the total amount of biuret-yielding material present in the extract 
analyzed—and by this we mean the substance or substances that give 
the biuret reaction immediately at room temperature (and not, as histidine 
gives it, after heating)—-we believe that we are close to the truth when we 
say that it cannot be far below 10% in weight of the total solid matter. 
The dry residue from five bottles of extract (73 cc.), exclusive of chlor- 
etone, was found to be 0.415 g. The amount of albumose, primary (?) 
and secondary, recovered from ten bottles (in the analysis described 
above), with a dry residue of 0.830 g., was approximately 0.050 g. 
The losses, at a conservative estimate, could hardly have been less than 
0.025 to 0.030 g. On this basis we should have had, in the specimen 
analyzed, close to 10% of biuret-yielding material. 

It may be of interest to state here that when the dry residue of five 
bottles (0.415 g.) was heated in a boiling water bath for one hour in 10 cc. 
of 25% hydrochloric acid the biuret reaction® disappeared entirely but the 
Pauly reaction for histidine was still obtained. ‘The disappearance of 
the biuret reaction after boiling with hydrochloric acid can only be 
interpreted as due to hydrolysis of our albumose. 


After having completed our examination of the American pituitary prep- 
arations we learned that the ‘hypophysin’ of the Hoechst chemists could be ob- 
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tained in this country. Weaccordingly purchased two hundred 1 cc. ampullee 
of this product, which is described on the labels asa “sterile solution, 1: 1000, 
of the isolated active substances from the glandula pituitaria.”” We did not 
inquire if a preservative is used in its preparation, as the presence of a sub- 
stance of this character would hardly interfere witb the isolation of a proteose. 

The residue from ten ampulles, as obtained by evaporation at a low water- 
bath temperature under an electric fan and subsequent drying over sulphuric 
acid, amounted to 0.0154 g. The dry residue from the two hundred 1 cc. 
ampulles would therefore have weighed 0.3080 g. One hundred and ninety 
cubic centimeters, that is to say, the total quantity of solution with the excep- 
tion of the 10 cc. used for the estimation of the dry residue, were concentrated 
on the water bath under the fan to a volume of 2.5 cc.’ and saturated with finely 
powdered ammonium sulphate. The characteristic gummy precipitate of 
salted-out albumose immediately collected on the stirring rod and on the sides 
of the tube containing the solution. The precipitate was washed with sat- 
urated ammonium sulphate solution, decomposed with barium hydroxide and 
the freed albumose was precipitated as a “‘sulphate’’ with absolute alcohol 
and ether in the manner already described. Dried over suJphuric acid, the 
albumose thus obtained weighed 0.017 g. The reactions were those already 
described—a beautiful pink biuret, a positive Pauly and a negative Knoop 
reaction. Potassium ferrocyanide and acetic acid also failed to give a pre- 
cipitate, showing that coagulable proteids and primary albumoses were not 
present.. 

The ammonium sulphate filtrate from the gummy albumose precipitate still 
gave a fine pink biuret reaction, as was the case also with all the American 
preparations under the same conditions. The addition of a drop or two of a 
very concentrated solution of trichloracetic acid to this filtrate caused an 
immediate precipitation of gummy droplets. These give the biuret reaction 
with great intensity and represent a further yield of albumose with a probable 
admixture of peptone and traces of other substances. It may be stated in this 
connection that the ammonium sulphate filtrates of our American prepara- 
tions also give with trichloracetic acid a precipitate which is indistinguishable 
in its reaction from that obtained with hypophysin. A certain amount of 
albumose or peptone still remains in these ammonium sulphate filtrates even 
after the use of trichloracetic acid. 


The Hoechst preparation is no doubt a clean product and certainly | 
contains less dry residue than the products prepared in this country. 
We have seen that the dry residue of ten 1 cc. ampulles of hypophysin 
was 0.0154 g. The dry residue of ten 1 cc. ampulles of Armour’s. 
Pituitary Liquid was 0.0242 g. and in its relatively smaller content in 
proteoses this prepration more nearly approaches hypophysin than any 
other examined by us. It is to be understood that we are not criticizing 
these products because they happen to contain more or less albumose. 


514 BIOCHEMISTRY: ABEL AND PINCOFFS 


This in itself is of no consequence, as this albumose does not appear to be 
toxic. 

The points that we wish to emphasize are these: 

1. Carefully prepared commercial extracts of the posterior lobe of the 
hypophysis contain albumoses. 

2. Hypophysin, stated to be a mixture of the ‘isolated active sub- 
stances of the pituitary gland,” is likewise contaminated with albumoses. 

3. All claims in respect to the isolation of pure principles, as made by 
the Hoechst chemists, must be looked upon, in view of our findings, as 
being without foundation. 

Other considerations also lend support to the last statement. 

One who is familiar with the high activity for the virgin uterus of 
fresh extracts of the hypophysis can only agree with Fenger when he 
asserts that the as yet unknown constituent of this gland which affects 
the uterus so powerfully cannot be less potent than 6-tmidoazolylethyl- 
amine, and may be even more powerful. Fenger says that an acidu- 
lated methyl alcohol extract of the posterior lobe of the hypophysis, for 
which no claim to chemical purity can be advanced, ‘‘showed a uterine- 
contracting power somewhat stronger than pure 6-I.”* If we examine 
the tracings given by Fiihner in his experiments with the Hoechst 
products, experiments in which quantities varying from 0.05 to 0.5 
mgm. were tested on the guinea pig’s uterus in a 100 cc. bath of Locke’s 
solution, it will be seen that these products are much weaker than 
B-imidoazolylethylamine. Here again is evidence that the crystalline 
salts of the Hoechst chemists represent mixtures of active and inactive 
principles and not pure chemical individuals. 

Further evidence that Hypophysin does not consist of chemically pure 
principles is given by the pharmacological tests made with it in this 
laboratory. Dr. D.I. Macht has kindly compared the oxytocic strength 
of the preparation with that of Armour’s Pituitary Liquid, this having 
been selected from among the American products because it most nearly 
approaches Hypophysin in respect to dry matter and a low albumose 
content. He reports that the Armour product, which makes no pretense 
of being a pure chemical principle, is “‘several times more powerful in 
its action on the virgin uterus of the guinea pig than Hypophysin.”’ 
‘There is no reason to assume that the Hypophysin used in Dr. Macht’s 
tests had lost any of its original strength as the labels on the packages 
‘give no hint of instability or loss of strength with time. 

The question naturally arises whether the albumose or other proteose 
here shown to be present in all active pituitary extracts is not itself the 
uterine stimulant. The secondary albumose which was isolated by us 
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from ‘‘Pituitrin”’ was practically devoid of an oxytocic action, as has 
already been stated. Investigations on the bio-chemistry of the intes- 
tinal and gastric mucosa which we hope soon to publish also lend no 
support to the theory that pituitary extracts contain an active albumose. 
We have prepared a water-soluble powder from this mucosa which is 
highly active for the guinea pig’s uterus (1:1,000,000) and for the in- 
testinal strip (1: 250,000), which induces a distinct rise of blood-pressure 
in the cat, and which in respect to its chemical reactions, its behavior 
towards ammonium «sulphate and polarized light, zs indistinguishable 
from a diluted pituitary extract. ‘The similar behavior in these several 
respects of gastric and intestinal ‘motiline’ solutions and pituitary 
extracts first led us to suspect that these latter also contain albumoses. 
Now, in the case of these intestinal preparations, we have had sufficient 
material on hand for the application of purification processes. We 
finally emerged with a secondary albumose which was entirely devoid of 
oxytocic, pressor, depressor or secretory action. It is this experience, 
together with our discovery than an inactive albumose can be prepared 
from the ordinary pituitary extracts, as already stated, which fortifies 
us in our belief that the proteoses of the gland have nothing whatever 
to do with the physiological activity of the organ. 

It is not our purpose to consider here the literature® pertaining to the 
‘peristaltic hormones’ that are known to occur in almost all, if not all, 
organs of the body, It is worthy of note, however, that an extract of 
the gastric or intestinal mucosa can be prepared, as we have already 
stated, which has a pressor action for the circulation and a marked 
oxytocic power in a concentration of 1:1,000,000. This powerful action 
points strongly to the conclusion that here also, as in the case of pituitary 
extracts, we are dealing with a motiline which, in a state of chemical 
purity, would be fully as active as Bimidoazolylethylamine. And this 
again leads us to the supposition that the oxytocic principle (or motiline) 
of the hypophysis is not a hormone or substance specific to this organ, but 
is rather a widely distributed substance, everywhere the same, which 
may have its origin in the various tissues, in the gastric or intestinal 
mucosa, or which may be absorbed as such from among the products of 
digestion. We hope that our discovery of the contaminating and diffi- 
cultly separable proteoses in physiologically active extracts wiil pave the 
way to the solution of these problems. 

We cannot conclude this communication without adding a few words 
in regard to the presence of proteoses in the various tissues of the body. 
Proof of their existence in pituitary extracts has been given and reference 
has been made to their presence in gastric and intestinal extracts. By 
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the use of certain methods which will shortly be described in detail we 
have found that a secondary albumose (to name only a single proteose 
which is sharply differentiated from all native proteids and primary 
proteoses) can be isolated in small amounts from all of the cellular tissues 
of the body thus far examined. Skeletal muscle appears to contain 
albumose in the smallest amount, gastric and intestinal mucosa contain 
it even after four days’ starvation, much more during digestion of a meat 
meal, while organs like the thyroid gland contain much more, weight for 
weight, than skeletal muscle. We have not as yet been able to isolate 
definitely a true proteose of any sort from the plasma of the blood, though 
able to show that the cellular elements of the blood yield a readily demon- 
strable amount of albumose. 

It was not originally our purpose to study these proteoses or to isolate 
them from the various tissues, but finding them always present in our final 
products whenever we attempted to isolate certain ‘hormones,’ such as 
the intestinal motiline and secretine, even when our methods of treating 
the tissues could not have produced them, we were forced to undertake 
a study of methods for their separation from the hormones. A future 
communication in these PROCEEDINGS will deal with this question. 

Conclusions—1. Secondary albumoses and possibly peptones (or 
polypeptids if the term is preferred) were found to be present in all of 
the therapeutically used extracts of the posterior lobe of the hypophysis 
cerebri that were examined. ‘To what extent the proteose content of the 
gland may have been increased by autolysis or by processes incidental 
to the manufacture of the extracts it is impossible for us to state. We 
believe, nevertheless, that the perfectly fresh, bloodless glands yield 
proteoses, inasmuch as we have actually isolated such substances from 
the thyroid gland and other organs when taken from the animal immedi- 
ately after bleeding it to death. 

2. The ‘Hypophysin’ of the Farbwerke-Hoechst Company is not, as. 
claimed for it, ‘‘a solution of the isolated active substances of the 
pituitary gland” but a mixture of albumoses (and possibly peptones) 
with varying and unknown amounts of active and inactive constituents. 
of the gland. The albumoses present in ‘Hypophysin’ account fully 
for the chemical reactions (such as the biuret and the Pauly reactions and 
the left-handed rotation) which are stated to characterize the pretended 
active principles. The albumoses as separated from pituitary extracts. 
are devoid of action upon the uterus. In view of the facts here presented 
it must be evident that the active principles of the hypophysis cerebri. 
have not yet been isolated as chemical] individuals. 
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1 Fiihner, H., Zs. ges. exp. Medizin, Berlin, 1, 1913, (397). 
2 “Vollstindig von Eiweiss befreite Ausziige aus den Hinterlappen von Rinderhypophysen.” 


Fiihner, loc. cit., p. 399. 
3 Harrower, H. R., Practical Hormone Therapy, New York, 1914, p. 460. <A Glossary of 


Terms. 

4 Fiihner, loc cit., p. 443. 

5 Cf. Aldrich, T. B., J. Amer. Chem. Soc., Easton, Pa., 38, 1915, (203). 

6 The biuret reaction was made at room temperature. Unfortunately we did not apply 
heat as is done when making this test for histidine. This substance was no doubt present, 
having been set free from the albumoses by hydrolysis, as is shown by the positive Pauly 


test. 
i This also contained the redissolved residue from the 10 cc. used for the estimation of 


dry matter. 
8 Fenger, F., J. Biol. Chem., Baltimore, 25, 1916, (417). 
9 Cf. Ott, Enriquez and Hallion, Zuelzer, Weiland, KGhler and others. 


ON THE ROLE OF THE THYMUS IN THE PRODUCTION OF TETANY 
By Eduard Uhlenhuth 


ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, NEW YORK 
\ Communicated by J. Loeb, June 30, 1917 


In a number of experiments on larvae of Amblys'oma punctatum and 
A. opacum the influence of thymus was studied. It was found that the 
effect of thymus upon these animals is not exactly similar to its effect 
on tadpoles of frogs or toads. With regard to this difference the most 
conspicuous and important effect of the thymus feeding in Salamander 
larvae is the occurrence of severe tetany in the thymus-fed larvae. 

Up to the present, 67 specimens of A. punctatum and A. opacum were 
fed exclusively on Thymus after they had reached an age of about six 
to fourteen days. In each single individual tetany was produced. 

For several days previous to the occurrence of the acute attacks, the 
animals are less active and their appetite is diminished. The acute 
stage appears in two forms: a mild form and a severe form. The mild 
form manifests itself by clonic convulsions of the hind limbs and the tail, 
while the severe form consists in clonic convulsions of the entire system 
of muscles. In the beginning of the tetany period, the attacks exhibit 
the characteristics of the mild form, then become severe and towards the 
end of the entire period again are mild. Each acute attack is followed by 
a tonic spasm of the entire body, during which the body is stiff for a short 
time. After several acute attacks the hind limbs become permanently 
twisted and stiffened and are to some extent paralyzed. Later on the 
forelegs and in severe cases even the neck and spinal cord become 
paralyzed. 
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The severity depends to a great extent on the temperature in which 
the animals are kept. In low temperature the acute tetany begins later 
and is of shorter duration than in high temperature In high tempera- 
ture some animals succumb from the attacks; those which survive 
metamorphosis never show a complete recovery. In low temperature 
recovery may be complete and the animals can live after metamor- 
phosis for many months and reach an age of at least fourteen months, 
even if they are kept on exclusive thymus diet after metamorphosis. 

It should be particularly emphasized that no matter in what tempera- 
ture the animals are kept, acute attacks cease a short time before meta- 
morphosis and never occur in metamorphosed animals. 

The symptoms of the attacks caused by thymus in the larvae of A. 
punctatum and A. opacum are the same as in the attacks observed in 
mammals after parathyroidectomy and the theory that they are caused 
by the same agent as Tetania thyreopriva suggests itself. 

It would seem then, that thymus contains the substances which cause 
tetany and excretes them into the body, from which they are removed by 
the parathyroids. Extirpation of the latter would thus cause tetany. 

If this is true, we should expect that thymus-feeding would produce 
tetany only in such species as have no parathyroids. In fact tetany 
in thymus-fed tadpoles has never been reported; these animals develop 
the parathyroids several days after hatching. The Salamander larvae 
however, have no parathyroids and the occurrence of tetany in thymus- 
fed larvae of that species corresponds with our expectations. 

Furthermore, according to such a theory, thymus-fed animals which 
suffer from tetany should become free from it as soon as they develop 
parathyroids. The Salamanders develop parathyroids when they go 
into metamorphosis, which is actually the time that acute tetany 
ceased in our larvae. 

Although many experiments must still be made to clear the entire 
problem—some of which are already in progress—for the present, the 
above theory might be valuable as a working hypothesis. 
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EVIDENCE OF ASSORTIVE MATING IN A NUDIBRANCH 
By W. J. Crozier 


BERMUDA BIOLOGICAL STATION FOR RESEARCH, AGAR’S ISLAND, BERMUDA! 
Communicated by E. L. Mark, June 11, 1917 


In man there is found, according to Pearson and others, a slight but 
appreciable degree of positive correlation between the members of 
mating pairs as regards their stature and certain other characters. 
For Paramecium a similar, but higher, correlation was proved by Pearl 
(1907) to exist between the lengths of members of conjugating pairs. 
Jennings (1911) substantiated Pearl’s discovery that in Paramecium 
large individuals are usually found mated with large, small individuals 
with small, and made more certain the conclusion that this correlation 
(homogamy) is due to real assortive mating, as Pearl had previously 
maintained. 

This matter of assortive mating, which may have various important 
implications for evolution, appears not to have been studied in animals 
other than Paramecium and man. With reference to characters con- 
cerning the size of the organism, at least, it should, of course, be pos- 
sible for assortive mating to take place only when there is available 
some physical basis for the required process of selection. Hence, 
although echinoderms and some other marine animals appear to con- 
gregate at their times of breeding, and may even be conspicuously dis- 
posed in pairs (Orton), it is not to be expected that invertebrates prac- 
ticing external fertilization would, in general, yield any evidence of 
assortive mating. Among gastropods, however, the case is different, 
and notably so with nudibranchs. In the latter animals, which are 
hermaphroditic, a true copulation of two individuals seems a prerequi- 
site for fertilization of the eggs. In some nudibranchs the male and 
female genital openings, two or three in number, situated on the right 
side of the body, are separated by a considerable distance, and the 
behavior of the animals in copulation shows that it is necessary for the 
‘male’ and ‘female’ openings of one individual to be brought simul- 
taneously into close relation with the appropriate openings of another 
(e.g., in Cenia, as described by Pelseneer, 1899). 

Other nudibranchs, such as chromodorids, have the reproductive 
openings concentrated upon a single small papilla; but, in some cases, 
at least, their behavior during the maneuvers preliminary to actual 
copulation strongly suggests that here also there is a rather well-defined, 
though not absolute, mechanical necessity for equality in the sizes of 


520 ZOOLOGY: W. J. CROZIER 


the individuals forming a successful mating pair. Reciprocal fertili- 
zation may be presumed to occur in most of these cases, and is certainly 
carried out in some instances. 

The observation of mating pairs of Chromodoris zebra repeatedly 
suggested that under natural conditions this species forms copulating 
pairs of which the individual components closely correspond with 
each other in general size. Sexually mature specimens of this species 
range in length from 4 to 18 cm. Differences in the relative sizes of 
the various individuals are readily detected by the eye, while other 
dimensions of the animals may be subjected to measurement in the liv- 
ing condition. 

One hundred and forty-eight pairs of copulating C. zebra were ob- 
tained in the field. The total length (anterior edge of the mantle to 
posterior termination of the foot) was determined for each specimen, 
according to a method? giving results sufficiently reproduceable for the 
purposes of statistical treatment. As a check upon this measurement 
certain other dimensions were ascertained, including the weight and the 
volume. Each of the methods of evaluating size yields the same qual- 
itative result. Therefore the estimations of total length according 
to the procedure employed may be relied upon as a criterion of assortive 
mating with respect to size. In figures 1 and 2, summarizing the ob- 
servations upon mating pairs, total length measurements are used. 

Figure 1 is a regression plot showing the correlation between the 
lengths of individuals and the average lengths of their mates, as found 
under natural circumstances. If the correlation were perfect, the ob- 
served points would lie upon line ‘‘(1)”; if no correlation were to be 
detected the regression line ‘‘(2)’’ would coincide with m—m’; actually 
the degree of correlation between the lengths of individuals composing 
copulating pairs is of about the same magnitude as that found in cul- 
tures of Paramecium containing a mixture of pure lines. 

Laboratory experiments were carried out with over 400 specimens, 
embracing about 200 individuals originally obtained in pairs, and 
an approximately equal number of ‘“‘single’’ nudibranchs. About 50 
specimens, ranging in length from 4 or 6 to 16 or 18 cm., were placed 
in each of a number of 9-gallon aquaria supplied with running water. 
After two days the mating pairs noted in each aquarium were removed, 
and measured. Data were in this way obtained from 119 pairs, which 
had come together under such purposely contrived circumstances that 
true random mating might easily take place, since so many individuals 
were crowded together in a small space; while if assortive mating is in 
any degree a real condition of copulation it should still make its influ- 
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ence sufficiently evident. Measurements of these pairs are plotted in 
figure 2. The correlation between the members of mating pairs is in 
fact better than in the previous case (fig. 1); reasons for this will be 
discussed in a subsequent paper. 

A study of the behavior of Chromodoris supports the view that there 
is exercised an active selection of mating partners. As a rule, two ani- 
mals greatly differing in size do not successfully copulate. This has 


Fig. 1 Fig. 2 


FJG. 1.—ILLUSTRATING THE CORRELATION IN SIZE BETWEEN THE MEMBERS OF 148 PAIRS 
OF CHROMODORIS ZEBRA COLLECTED IN THE FIELD 


The thin continuous line (1) gives the lengths (as ordinates) for the different classes of 
individua's in order of decreasing size. The heavy line (2) gives the average lengths of the 
mates of the individuals of these classes. The unit is 1 cm; m—wm’ is the mean for all. 


FIG. 2._ILLUSTRATING THE CORRELATION IN SIZE BETWEEN THE MEMBERS OF 119 PAIRS 
OBTAINED IN LABORATORY EXPERIMENTS 


The thin continuous line (1) gives the lengths (as ordinates) for the different classes of 
individuals in order of decreasing size. The heavy line (2) gives the average lengths of 
the mates of these classes. The unit is 1 cm; m—wm’ is the mean for all. 


been verified by experiments in which the size of some individuals 
has been artificially reduced through starvation. The physical basis 
of assortive mating in Chromodoris is probably found in the relative 
attitudes assumed by the conjugants and in reactions to tactile (and 
chemical?) stimuli which determine these attitudes. 

Two suggestions may be made regarding the possible significance of 


522 ZOOLOGY: A. G. MAYER 


assortive mating in Chromodoris. If the population is composed of a 
mixture of pure lines, then one effect of this type of copulation may 
well be, as in Paramecium (Jennings), the prevention of interlinear 
crossing. Certain generally accepted ideas regarding the life history 
of nudibranchs may tend to favor this view. The evidence for the 
presence of pure lines in the Chromodoris stock is, however, entirely 
inferential. It would, indeed, be almost impossible to obtain good 
evidence upon this point, unless, possibly, through a study of the rate 
of segmentation of the eggs; but the eggs of C. zebra are not well adapted 
for this work, and it is very doubtful if such evidence could be made 
conclusive. 

Another, and, I believe, at present better founded, suggestion con- 
cerning the effect of assortive mating is based upon the fact that the 
size of the egg-masses, and the number of eggs in each ribbon, as well, 
probably, as the number of egg masses deposited by each animal during 
a single season, increase directly with the size of the individual. On 
grounds of physiological economy—remembering that mutual fertili- 
zation 1s involved, and remembering also that each animal deposits a 
number of egg-masses at each spawning season—it may be argued that 
the mating of large individuals is an influence tending to increase the 
number of larvae beyond that which would result from random pairing. 
In some other nudibranchs assortive mating, if it occurs, may have a 
different, or an additional, significance. 

Summary.—Mating pairs of the nudibranch Chromodoris zebra are 
found to exhibit a rather high degree of correlation between the sizes 
of the two members. This is due to assortive mating, which may con- 
stitute an important influence tending to increase the numbers of 
larvae. 


1 Contributions from the Bermuda Biological Station for Research, No. 70. 
2 It was necessary to remove the animals from the water and place them, dorsal surface 
downward, upon a glass plate. 


CORAL REEFS OF TUTUILA, WITH REFERENCE TO THE MURRAY 
AGASSIZ SOLUTION THEORY 
. By Alfred Goldsborough Mayer 
DEPARTMENT OF MARINE BIOLOGY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated June, 22, 1917 
Tutuila, Samoa, is a purely volcanic island without elevated coral 
reefs or limestones. It is surrounded by a recent fringing reef which 
forms a mere veneer over the modern off-shore marine platform, and 
extends a short distance seaward, its precipitous outer edge being from 
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5 to about 20 fathoms deep. In former times, the island may have 
been submerged about 20 fathoms below its present level, this being 
suggested by the fairly uniform depth of about 20 fathoms off the mouths 
of the harbors of the northern coast, while these harbors themselves 
have the appearance of drowned valleys. 

However this may be, the latest movement of the island has been an 
emergence of about 8 feet above present high-tide level; for a platform 
about 8 feet above high tide juts out to seaward from the base of prac- 
tically every promontory. The shores are strongly cliffed, some of the 
sea-cliffs being 500 feet high. 

Being volcanic and densely forested from summit to shore, it was 
thought that rain-water falling upon the island might become so aug- 
mented in acidity as to dissolve the shoreward parts of the surrounding 
coral reef. This, however, is untrue. The rain-water is indeed acid, 
ranging from 0.126 to 0.678 < 10-%. However, the streams and springs 
of the island are usually slightly alkaline, due to bicarbonates; the 
average of 11 of the principal streams and 6 springs being 7.19 PH., 
or 0.645 x 10-7 hydrogen-ion concentration, and the range from 
O25 << 10>* to 0:38 xX 107". ; 

An analysis of the water from Faagalu stream below the water-falls 
was made by Prof. Alexander H. Phillips, and shows a high percentage 
of chlorine, and bicarbonates and very little ammonia, or nitrates. 
The calcium, magnesium sodium and potassium are more than sufficient 
to hold the bicarbonates, HCQOs, in an ionic state. 

The following is an abstract of Professor Phillip’s analysis of Faagalu 
stream water. 

Sample taken April 14, 1917 . 


Parts per Parts per 

million million 
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Albuminoid ammonia................ 0.0287, “Sodium gna) ore shih oe lk eter sale B.S 6.19 
INitto@eniIn NILTItES 66s. ds. dee oes hones ..Potasstuma (KO) ogy ss eek sed oe she «ae ZEl6 
INiérozen in nitrates. .........0..00.0s 0.04 Bicarbonate (HCO;) ................ 9.60 
@Oxypemiconsumed {as 0.) i eee cee ts 2050-<soulphates(SOg) wan eats nakeaesee Somes 4.06 
MotasOldst 0), eis iie cue Pw bea ee 702063, Chlorine (Cl) onic k ok decislane hess bole ance 12.00 
SyUbVee (SVC 5 Aa ee a D250 We Nitrate CIN @s)e ine 6 siete wt soe ea eainane mle Ly 
Tron(Fe: O3) are Alumina (AI203)..... 0295." *Bhosphate (P20) soa visas cv nes eee Sees 026 
@aletiareg tac eee eee ee ooo 3.03 Hydrogen ion concentration of the water 
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It is evident that the calcium is too great in proportion to the sodium 
to have been derived from the salt spray, and must therefore have come 
from the rocks or the decaying vegetation of the Island. 

In Oahu, Hawaiian Islands, also, the streams are alkaline, for Dr. 
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C. Montague Cooke, Jr. of Honolulu, kindly transported me in his 
automobile to eight of the larger streams and springs, between Palolo 
and Monanalua valleys, and these were all alkaline, ranging from 7.1 
to 8.12 PH.; the average being 7.34 PH. or 0.457 xX 10-". The higher 
alkalinity of the streams of Oahu may be due to the presence of elevated 
limestones, these being absent from Tutuila. Thus the surface waters 
draining off from Tutuila, and Oahu, being alkaline, cannot dissolve 
limestones by reason of their ‘acidity,’ and the Murray-Agassiz theory 
of solution of the shoreward parts of reef flats by fresh water is not 
supported. 

The openings in coral reefs opposite the mouths of streams are due 
to the fact that corals cannot survive and have never grown, in these 
places, due to silt and dilution in time of flood. This was proven at 
Tutuila by placing 26 specimens of 12 species of Acropora, Pavona, 
Psammocora, Porites, Pocillopora, Fungia, and Coeloseris, 150 feet from 
the mouth of Pago Pago brook in a place where the bottom is covered 
with fine brown volcanic mud and no corals are found. The salinity 
in this situation was observed to range between 31.38 to 25.48; that of the 
open sea about being 34.83. Yet the corals survived in this diluted water, 
for fifteen days, although the Acroporas did not expand. However 
all but one species were killed by the freshet due to the torrential shower 
of 4.3 inches on April 12, 1917, which reduced the salinity to 0.93, 
becoming only 9.25 at the end of 24 hours. All the corals died with the 
exception of 2 out of 3 specimens of massive Porites which withstood 
the dilution and silt but with apparent injury. This species of Porites 
lives nearer to streams mouths and closer to the shore than does any 
other coral of Samoa. 

It is apparently uninjured by being placed for an hour in water of a 
constant temperature of 36° C., which would be fatal to all the Acropora, 
Pocillopora and dominant off-shore corals of the reefs. 

On the reef flats of both Murray Island, Australia, and Tutuila, 
Samoa, coral heads are most densely clustered in relatively quiet water 
about 150 to 200 feet shoreward from the region wherein the surges die 
out in ordinary weather. 

The greatest variety of species of corals are, however, found just 
where the surges die out in ordinary weather. 

In both Murray Island, Australia, and Tutuila, Samoa, four genera 
constitute over 90% of the coral heads of the reef flats. Thus: 
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PERCENTAGE OF CORAL HEADS 


NAME OF CORAL 


Murray Island, Tutuila, Samoa 


Australia 

per cent per cent 
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It was found that when shallow reef-flats are impounded and cut off 
for about an hour from the open ocean at low tide, the water quickly 
becomes nearly twice as alkaline in places as in the open ocean, while 
in other places it becomes abnormally reduced in alkalinity. The in- 
crease in alkalinity is caused by the photo-synthetic action of plant 
cells within the corals and by sea weeds. 

Rail falling directly into the sea has far more effect in reducing the 
alkalinity of the surface water than has stream water pouring outward 
from the shore. Yet the torrential rain of 7.8 inches in about five hours 
on March 19 reduced the surface alkalinity only from 8.20 to 8.18 PH., 
and the salinity from 34.69 to 30.46 off the landing-stage of Blacklock’s 
wharf near the inner end of Pago Pago Harbor, and the alkalinity of the 
harbor remained about 34.33 despite the average rainfall of more than 
one inch per day from January 1 to April 17. 

The scouring of sand from their floors by currents is a potent factor 
in deepening the shoreward parts of the reef-flats, and may result in 
changing a fringing reef into a barrier reef. The lithothamnion ridge 
lying along the seaward edge withstands this process of disintegration for 
by growing, it resupplies such loss and maintains itself about 6 inches 
above low tide level. The-corals growing over the shoreward parts of 
the reef-flats also tend to replace the lost limestone and some reefs may 
thus maintain themselves as fringing reefs, as at Aua, Pago Pago Harbor, 
while others as at Black’s Bay, Tutuila, become deepened near shore so 
as to change into barrier reefs. At Aua the current over the reef-flat 
ranges from 20 to 62.8 feet per minute, and is an effective transporter 
of coral sand; spilling it into deep water off the northern edge of the reef. 
This scouring process is doubtless facilitated by the holothurians which 
are well known to be sand swallowers. There is on the average one of 


these animals for every 8.6 square feet of reef flat off Aua, Pago Pago 
Harbor. 
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It is our hope to return to Samoa in 1918 to remeasure and re-weigh 
corals, and thus determine their growth rate, and to bore through the 
coral reef, study the question of the existence or non-existence of a 
submerged marine platform, and evaluate the sand-carrying ability of 
currents over the reef flats, and of solution due to holothurians. The 
results may then be published by the Carnegie Institution of Washington. 

It is a pleasure to express our gratitude to Hon. Josephus Daniels, 
Secretary of the Navy; and also to His Excellency, Governor John M. 
Poyer, Commander U. 5S. N., and his officers who did all in their power 
to facilitate our studies. 
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SUGGESTIONS RELATING TO THE NEW NATIONAL ARMY BY THE 
ANTHROPOLOGY COMMITTEE OF THE NATIONAL 
RESEARCH COUNCIL 


The recruiting of a large army from the diversified elements of the national 
population must present certain contingencies in which Physical Anthropology 
may be of much practical service, and at the same time’ should afford many 
opportunities by the utilization of which this and related branches of science 
may greatly benefit. 

1. Examination of Recruits —The examination of recruits for admission 
into the new Army will include certain observations which, if properly sys- 
tematized and made by simple, accurate, standardized instruments, should 
prove of great statistical value. Unhappily the methods followed today and 
the instruments by which the measurements are taken lack in uniformity as 
well as in accuracy. Unless a few necessary improvements are made in both, 
the great body of data derived from the examination of a million or more men 
cannot be utilized by science with full confidence; and as properly revised 
regulations would not increase, but actually dimimish the burdens of the exam- 
iners, the Committee on Anthropology takes the liberty of urging immediate 
consideration of the question of revision. Suggested modifications of the 
present examination blanks and specifications for simple outfits of instruments, 
together with directions for the examiners in making measurements and phys- 
ical observations have already been submitted by the Committee to the 
National Research Council. 

In this as well as in other recommendations which the Committee has made 
the utmost care was taken not to add to, but rather to reduce the burdens of 
the medical examiners and the medical service of the army. No additional © 
tasks at this time unless of the highest practical importance would be justi- 
fable or feasible. 
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2. Modification of Stature Requirements.—The present minimum require- 
ments of stature, in any branch of the army or the navy, is 5 feet, 4 inches. 
In the case of mountain artillery it is 5 feet 8 inches. 

The minimum for the English infantry and some other branches of the serv- 
ice prior to the present war was 5 feet, 2 inches, and it has since been reduced. 
On the Continent the minimum differs with the nationalities, but is as a rule 
lower than that of the United States. In many of these nationalities the aver- 
age height of the adult male does not reach, barely equals, or only slightly 
surpasses the minimum requirement for the soldier of the United States. 
Many of these nationalities are well represented in this country. They 
include the Italians, Greeks, French, Mexicans, Spanish, Swiss, the Russian 
and Austrian Jews, many of the Slavs, the Magyars, Roumanians, Lithuan- 
ians, and even Germans. Should the present minimum in stature for the 
United States Army and Navy be rigidly adhered to, from one-fourth to one- 
half of the men belonging to or descending from the nationalities mentioned 
would be excluded by this rule alone, thus resulting in serious disadvantages, 
the chief among which would be that of placing a disproportionate burden in 
the formation of the army on the naturally taller native American. 

In view of the above facts, and as small stature in a large majority of cases 
signifies normal fluctuation and not any weakness or degeneration, as has been 
repeatedly proved by the ‘bantam’ regiments of England and other short 
stature troops of European countries, the Committee recommends that the 
minimum stature requirement for the new United States army be reduced, 
for all branches of the service, to 60 or at most 62 inches; and that correspond- 
ing with this, the minimum weight requirement be reduced from 128 to 120 
pounds. 

3. Further Anthropometric Work for Statistical and Scientific Purposes at 
the Concentration Camps.—The sixteen or more concentration camps will afford 
a unique opportunity for anthropometric observations, one object of which 
would be to obtain data regarding the normal physical conditions of the Amer- 
ican people of different descent, admixture, education, social class, occupa- 
tion, and environment. 

To utilize these opportunities the minimum requirement would be the selec- 
ticn of six of the camps representing the northeast, southeast, the northern 
middle states, the south, the southwest, and the northwest; and placing in 
each a specially trained young medical officer who would devote his time to 
the anthropometric work. 

The investigations, reduced to the minimum, would consist of the measure- 
ment of stature and height sitting; of the three principal dimensions of the 
head; of two diameters of the face; of two diameters of the chest; and of more 
precise observations on the color of the skin, eyes, and hair than are practi- 
cable at the recruiting stations. 

The training and equipment of the six medical officers would be undertaken 
by the Department of Anthropology of the United States National Museum. 
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The data procured would be elaborated without cost by the Statistical Staff of 
the Prudential Insurance Company of America. Publication of the results 
would be facilitated as far as possible by the Smithsonian Institution. 

The total period of the investigations could be limited to six months if 
found advisable. The officers required for conducting the observations 
should be appointed by the medical departments of the army and the navy. 
Their special training at the United States National Museum would require 
one month. 

4, Material for Future Scientific Research.—The organization of the new 
army will afford important opportunities for additional scientific research 
and the collection of data and specimens which should be utilized as far as 
practicable. Efforts in this direction were made in the Northern Army of 
the United States during the Civil War; the results are embodied in three 
volumes of data by Baxter and Gould, and in the collections of the Army 
Medical Museum. According to available information, more or less ex- 
tended scientific researches are being conducted and illustrative collections 
made at the present time in connection with nearly all the armies of Europe. 

The United States Army will include not only men of many nationalities, 
but also those of different races, such as Indian, Negro, Filipino, and possibly 
Japanese and Chinese. Even under the best hygienic conditions and without 
actual participation in war a certain proportion of these must be expected to 
become ill and die in hospitals. The bodies of such dead cannot, as in peace, 
be transported hundreds or thousands of miles, perhaps, to their friends, but 
must be cremated or buried in the vicinity of the hospitals. These bodies 
offer a valuable opportunity for postmortem determinations, such as the cause 
of death as found at autopsy, the weight of the different internal organs, etc., 
and also for assembling specimens which would be of the utmost value to 
future pathological, anatomical and anthropological investigation. ‘The Army 
Medical Museum and the United States National Museum would gladly 
take charge of the preparation and distribution of such material. 

For the above purposes it is requisite that in each of the more important 
hospitals one member of the medical staff, preferably a pathologist or an 
assistant pathologist, be designated to gather needed records and specimens; 
and it is earnestly recommended that such a detail be made immediately on 
the establishment of each large army or navy hospital. 


W. H. Hoimes, Chairman, ALES HRDLIcKa, 
C. B. DAVENPORT, MADISON GRANT, 
F. L. HoFFMAN, E. A. Hooton, 


G. M. KoBEr, T. A. WILLIAMS. 
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FIRST REPORT OF COMMITTEE ON BOTANY 


The first work of this Committee was to make a census of competent in- 
vestigators and of the problems under way. Botanists were also asked to 
suggest additional problems bearing upon public welfare, and numerous 
suggestions were received. In the main these are long-time problems, very 
important to continue, but not expected to yield immediate practical results. 

When the United States entered the war, a large number of emergency 
problems arose. The larger number of these had to do with the available 
sources of plant materials and products. Many of them were questions 
asking for information, rather than problems needing investigation. Dr. 
E. M. East, a member of the Committee, was asked to take charge of this 
phase of the work. Finally it seemed best to establish a Special Committee 
on Raw Products, with Dr. East as Chairman, which is in close co-operation 
with the Committee on Botany. The Commercial Museum of Philadelphia, 
with its unusual facilities as a source of information in reference to raw prod- 
ucts, is also working in co-operation with this Special Committee. 

The number and nature of the questions in reference to forest materials 
and products soon made it evident that this group of problems should be 
provided for in a special way, and accordingly Prof. Irving W. Bailey of the 
Bussey Institution was asked to take charge of this phase of the work. These 
problems involve such an overlapping of Botany and Forestry, and many of 
them are of such practical importance that it has been recommended that a 
Sub-Committee on Forestry be organized, which shall bring into close co-opera- 
tion the Forestry Service and the Committee on Botany. 

Problems Undertaken.—Among the emergency problems under way, the 
following have progressed far enough to be encouraging. 

1. Dehydration of vegetables. A methcd to preserve flavor. 

2. Dehydration of fruits. A method being developed chiefly in the 
western fruit area as a measure of conservation. 

3. Sources of rubber. A problem well toward solution. | 

4. Improvement of sugar beets. A breeding problem undertaken by several 
investigators and well advanced. 

5. Disease-resistant cereals. A long-time problem but advanced far enough 
to expect that some disease-resistant strains will soon be available. 

6. Drought-resistant cereals, especially corm and sorghum. 

7. Native drug plants. Information in reference to native plants from 
which needed drugs may be obtained is in charge of Dr. Henry Kraemer of 
the Philadelphia College of Pharmacy. A great many medicinal plants 
have been suggested, but comparatively few have been tested. 

8. A substitute for cotton in the manufacture of explosives. It is neces- 
sary for this substitute to consist of nearly pure cellulose, and to be easily 
obtainable in vast quantities. 
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9. The food reserves in certain plants. 

Co-operation.—Co-operative relations have been established with the 
Committee on Agriculture of the National Research Council, the U. S. De- 
partment of Agriculture, the Botanical Division of the Carnegie Institution, 
research laboratories of universities, agricultural experiment stations, botanic 
gardens, the Council on Pharmacy and Chemistry of the American Medical 
Association, the Cereal Conference, and the Association of Seedsmen. The 
purpose of this co-operation is the exchange of information in reference to 
problems under way, and in reference to pressing problems that have been 
encountered; and also the sharing of facilities for investigation. It should 
be said that information in reference to problems under way is not intended 
as a notice of preemption, the feeling being that several attacks upon a problem 
may bring speedier results. 

Additional Activities —Efforts are being made to: 

1. Effect contact with manufacturers who may need information as to 
plant materials and products, and who may not know the most speedy way of 
obtaining it. 

2. Effect contact with farmers so that they may receive and apply the 
information and advice that is accumulating. 

3. Make some of the results commercially available, without specially 
favoring any commercial organization. Some of these results would ordinarily 
involve patents or trade secrets. | 

Joun M. Covutter, Chairman. 
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MEETINGS OF THE EXECUTIVE COMMITTEE 


The sixteenth meeting of the Executive Committee was held at the offices 
of the Council in New York City, April 4, 1917. Messrs. Chittenden, Dunn 
Pupin, and the Secretary were present. 

The Secretary announced the appointment of Mr. Lewis B. Stillwell to 
the Council. It was voted that Mr. Stillwell be appointed a member of the 
Engineering Committee. 

The Secretary also announced the appointment of Dr. Joseph S. Ames 
and of Dr. Hollis Godfrey to the Council; the resignation of Dr. Hale as 
Chairman of the Committee on Research in Educational Institutions, and the 
acceptance by Dr. Chittenden of that chairmanship. 

Mr. Dunn reported a gift of five thousand dollars from Mr. Edward D. 
Adams to the Engineering Foundation. 

Dr. Chittenden presented a letter from certain members of the staff of the 
Sheffield Scientific School, bringing up several very practical questions on 
tte metallurgy of brass, particularly for the use of the Army and Navy. 
After discussion, the letter was referred to the Secretary, to take the matter 
up with General Crozier, and possibly with others. 
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The seventeenth meeting of the Executive Committee was held at the 
offices of the Council in Washington, April 11, 1917. Messrs. Hale, Stratton, 
and the Secretary were present. Dr. Walcott was consulted by telephone 
and approved the proceedings. There was also present Dr. MacCallum, of 
the Canadian Research Council. 

Professor R. W. Wood, of Johns Hopkins University and Professor Arthur 
Gordon Webster, of Clark University, were nominated members of the 
Council. . 

A Food Committee was authorized, Dr. Hale to name the Chairman and 
the personnel of the Committee. - 

Dr. Hale announced the appointment of Professor H. H. Donaldson of the 
Wistar Institute, as Chairman of the Anatomy Committee. This appoint- 
ment carries with it appointment to the Council. 

A Committee on Psychology was authorized, Dr. Hale to name the Chair- 
man, who will be a member of the Council. 

Dr. Millikan was elected a Vice-Chairman of the Council. 


The eighteenth meeting of the Executive Committee was held at the offices 
of the Council in Washington, April 16, 1917. Messrs. Carty, Chittenden, 
Conklin, Hale, Noyes, Pearl, Walcott, and the Secretary were present. 

This meeting was called at the suggestion of Dr. Noyes to discuss the pro- 
posed relations of the National Research Council with the State Research 
Committees of Councils, which may be appointed in different states of the 
Union. The immediate occasion was the appointment of a State Research 
Committee in California. It was voted to telegraph to the State Research 
Committee of California, an expression of a desire to co-operate with them, 
and to follow this telegram with a letter of explanation. 

It was voted to request the President of the National Academy of Sciences 
to appoint Mr. John R. Freeman, and Professor John C. Merriam members 
of the Council. 7 

The action of the Military Committee in appointing a Noxious Gas Com- 
mittee was approved. 

An Optical Glass Committee was authorized, with Dr. Millikan as 
Chairman. 

Mr. John R. Freeman was appointed a member of the Engineering 
Committee. 


The nineteenth meeting of the Executive Committee was held at the offices 
of the Council in Washington, May 3, 1917. Messrs. Carty, Dunn, Hale, 
Noyes, Pupin, Stratton, and the Secretary were present. 

Dr. Pupin spoke of the urgent necessity for further information on the 
status of the submarine detection investigation. He urged that all members 
of the Council who are working on the matter be informed regarding the 
tests which have already been made and that opportunity be given to take 
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part in preliminary tests, in order to learn the conditions surrounding the 
problem. Dr. Carty spoke of the work that the Western Electric Company 
and the General Electric Company are doing in connection with the Sub- 
marine Signalling Company. 


The twentieth meeting of the Executive Committee was held at the offices. 
of the Council in Washington, May 24, 1917. Messrs. Dunn, Hale, Millikan, 
Stratton, Vaughan and Walcott, were present. Messrs. Durand, Menden- 
hall and Pegram were also present upon invitation. Dr. Bogert, after elec- 
tion as a member of the Executive Committee, was also present. 

It was decided that Dr. Millikan, in view of his position as Vice-chairman 
of the Council, should be regarded as an ex-officio member of the Executive 
Committee. The vacancy in the Committee thereby created was filled by 
the election of Dr. M. T. Bogert, Chairman of the Chemistry Committee. 

Upon motion it was voted that all sub-committees of the Council be ap- 
pointed by the Executive Committee upon recommendation of the Chairmen 
of Committees. 

Report was made upon the present difficulty in obtaining release from 
England of Austrian and German scientific journals addressed to societies 
and individuals in the United States. The Chairman thereupon was re- 
quested to present the facts to the State Department with an expression of 
the desire of the National Research Council to have steps taken to secure the 
release and uninterrupted transmission of such periodicals, if this can be done 
without conflict with other obligations. 

Dr. Stratton, Chairman of the Committee on Census of Research, reported 
progress in the distribution of Census Blanks, stating that for this purpose 
institutions in the United States had been classified as follows: 1. Educational; 
2. Industrial; 3. Other than Educational and Industrial. The necessary 
expenses of the work of the Committee were considered and the Chairman 
further reported that within a few days the question of indexing and render- 
ing available the information now being received would be considered. 

Upon motion it was voted that the appointment of the following Mathe- 
matics Committee be confirmed, with the understanding that three addi- 
tional members be added to this Committee upon nomination by the National 
Academy of Sciences: Professor E. H. Moore, Chairman; Messrs. E. W. 
Brown, F. R. Moulton, R. S. Woodward, E. B. Wilson, George D. Birkhoff. 

Upon motion of Dr. Millikan the appointment of a Sub-committee on 
Visibility, of the Physics Committee, was confirmed. This Sub-committee 
consists of Dr. Herbert E. Ives, Chairman, and Mr. Irving G. Priest. 

The Chairman of the Council reported that Dr. W. H. Howell had been 
appointed as Vice-chairman of the Physiology Committee to serve as Chair- 
man of the Committee during the absence of Dr. Cannon. 

Dr. Victor C. Vaughan, Chairman of the Committee on Medicine and 
Hygiene, reported that he had appointed a Sub-committee on Psychiatry 
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under the chairmanship of Dr. Stewart Paton, with the following member- 
ship: Messrs. Pearce Bailey, Albert M. Barrett, Henry A. Cotton, Charles 
L. Dana, Walter E. Fernald, Adolf Meyer, Thomas W. Salmon, Elmer E. 
Southard, Roy M. VanWart, William A. White. Upon motion it was voted 
that the appointment of this Psychiatry Committee be confirmed. 

Dr. Vaughan also reported that the Secretary of the Interior has permitted 
Dr. Franz at St. Elizabeth’s Hospital to train men for rehabilitation work. 
He also stated that Dr. Murlin has been asked to make observations and re- 
port upon the food and rations which are issued to soldiers in training at 
Plattsburg. 

Upon motion it was voted that a Sub-committee on the Sterilization of 
Water, with Dr. Phelps as Chairman, be appointed. 

Dr. Vaughan further reported that he had been asked to serve as Chair- 
man of the Research Committee of the General Medical Board of the Council 
of National Defense. He stated that the Surgeon General has consented 
that recruits in concentration camps be examined by experts instead of by 
individual medical officers, involving the necessity for the appointment of 
an Examining Board of the Army. Upon motion it was voted that the Chair- 
men of the Anatomy, Psychology, Psychiatry, and other related committees, 
be recommended for appointment on such an Examining Board, together 
with Colonel Bushnell, who is already a member. 

The Chairman was requested to appoint a committee to report on co- 
operation between the National Research Council and the Research Com- 
mittees appointed by the various states. The: following committee was 
appointed for this purpose: Dr. C. E. Mendenhall, Chairman, Messrs. 
Bogert, Durand, W. B. Hale, and Vaughan. 

It was voted that the sum of $100 be allotted to the Psychology 
Committee. 

Upon motion of Dr. Bogert the appointment of a Potash Committee, with 
Dr. J. D. Pennock, General Manager of the Solvay Process Company of 
Syracuse, N. Y., as Chairman, was authorized. Recommendations were 
submitted with foetal to the nein of this committee. 

The Chairman of the Council read a letter from Dr. Ames, Chairman of 
the Foreign Service Committee, and reported upon the activities and recom- 
mendations of this committee. 

The Chairman of the Council reported the organization and appointment 
of a special New York Committee on Submarine Warfare, the Chairman of 
which is Dr. Nicholas Murray Butler, and the Executive Secretary, Dr. G. 
B. Pegram of Columbia University. Upon motion, this action was approved 
and confirmed. | 

The suggestion was made that the letterhead of the Council be changed 
to read ‘‘National Research Council, Acting as the Department of Science 
and Research of the Council of National Defense.’”’ This question was re- 
ferred to the Chairman of the Council with power. 
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The Chairman reported the resignation of Mr. Tod Ford as Assistant 
Secretary of the Council, due to his acceptance as a member of the Lafayette 
Squadron in France. Mr. Dunn reported the election of Mr. Walter M. Gil- 
bert as Assistant Secretary of the Engineering Foundation and that the Car- 
negie Institution of Washington had courteously detailed him for such work. 
Mr. Gilbert was thereupon elected as Assistant Secretary of the National 
Research Council. 

. Upon motion it was voted, subject to change, that subsequent meetings 
of the Executive Committee be held weekly on Thursday at 9 a.m. 


The twenty-first meeting of the Executive Committee was held at the 
offices of the Council in Washington, May 28, 1917. In the absence of the 
Chairman of the Executive Committee, the meeting was called to order by 
the Chairman of the Council. Messrs. Hale, Millikan, Stratton, Vaughan, 
Walcott, and Welch were present. Mr. Manning, Chairman of the Noxious 
Gas Committee, and Messrs. Mendenhall and Durand were also present 
upon invitation. 

Mr. Manning read a report of the Noxious Gas Committee, making recom- 
mendations for the establishment of a laboratory for the study of problems 
related to this subject. 

Dr. Millikan presented a report of the Optical Glass Committee, stating 
that recommendations had been made to the General Munitions Board, had 
received its approval, and in turn had been recommended to the Council of 
National Defense. 

Upon motion of Dr. Walcott the action of the Optical Glass Committee 
was approved and confirmed. 

The Chairman of the Council stated that a French Scientific Mission 
would soon reach the United States and a discussion followed regarding its 
reception and means for its entertainment. 


The twenty-second meeting of the Executive Committee was held at the 
offices of the Council in Washington, May 31, 1917. In the absence of the 
Chairman of the Committee, the meeting was called to order by the Vice-Chair- 
man (Dr. Millikan) of the Council. Messrs. Bogert, Chittenden, Millikan, 
Pearl, Pupin, Walcott, and Welch were present. Messrs. Durand and Men- 
denhall were also present by invitation. Dr. Hale entered the meeting before 
its close. 

The Vice-Chairman (Dr. Millikan) of the Council reported: 


That a sum of $5000 has been donated by Mr. Cleveland H. Dodge for the general pur- 
poses of the Council. and that an additional sum of $100 has been received from another 
source; and that these funds have been placed in the hands of the Treasurer of the National 
Academy of Sciences for the use of the Council. 

That the President of the National Academy of Sciences has appoliies the following 
additional members of the Council: 
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Dr. ArTHUR L. Day, Geophysical Laboratory, Washington, D. C. 
Professor CHARLES E. MENDENHALL, Munsey Building, Washington, D. C. 
Mr. F. H. NewE Lt, University of Illinois, Urbana, Illinois. 

Dr. Stewart PaToNn, Princeton, New Jersey. 


After discussion, upon motion, it was 


RESOLVED, That all bills for services, supplies, and incidental expenses pertaining to the 
work of the National Research Council be approved by the Chairman or by a Vice-Chair- 
man of the Council and forwarded to the Treasurer of the National Academy of Sciences 
or to the Engineering Foundation for payment from funds available for the use of the 
Council. 


Upon motion it was also voted that similar approval be, and hereby is, 
given for the payment of bills from funds which may be available for the use 
of the Council at any time through any other organization. 

The Vice-Chairman read a letter from the Chairman of the Chemistry 
Committee with respect to the advisability of the appointment of a Sub- 
Committee on the Chemistry of Forest Products. Upon motion, Dr. John 
E. Teeple was appointed Chairman of such a Committee. 

The Chairman of the Council suggested that it may become advisable 
to appoint a special committee on nautical instruments. Upon motion, the 
Chairman was authorized to appoint such a committee if it may prove ad- 
visable to do so after consultation with members of the General Munitions 
Board and of the Shipping Board. 

It was decided upon motion, to have embossed the new letterhead to be 
used on stationery for the general offices of the Council and for its commit- 
tees. The appointment of a special committee to consider other questions 
of detail with respect to the office business of the Council, was approved. 


The twenty-third meeting of the Executive Committee was held at the 
offices of the Council in Washington, June 21, 1917, and was called to order 
by the Chairman of the Council. Messrs. Bogert, Hale and Stratton were 
present. Messrs. Durand and Mendenhall were also present upon invitation. 

The Chairman reported: 


That Mr. Edward D. Adams has donated the sum of $5000 to the Engineering Founda- 
tion for the use of the National Research Council. 

That Mr. Martin A. Ryerson has donated the sum of $1000 for the use of the Council 
and this sum has been deposited to the credit of the Council in the Riggs National Bank, 
Washington. 

That the Carnegie Corporation of New York at its meeting of June 4, 1917 authorized 
a grant of $50,000 to the Carnegie Institution of Washington for purposes of the National 
Research Council, with the understanding that disbursements on account of this donation 
will be made at the discretion of the President of the Institution. 

That Dr. Day, Mr. Mendenhall, Mr. Newell, and Dr. Paton have accepted appointment 
as members of the Council. 

That at the request of the General Munitions Board, a special Committee on Naviga- 
tion and Nautical Instruments has been appointed with Dr. L. A. Bauer, Director of the 
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Department of Terrestrial Magnetism of the Carnegie Institution of Washington, as Chair- 
man, and the following as additional members: 
Commander J. S. DoppriwceE, U. S. Naval Observatory, representing the Bureau of 
Navigation. 
Mr. Roy Y. FERNER, representing the U. S. Bureau of Standards. 
Mr. R. L. Faris, representing the U. S. Coast and Geodetic Survey. 


It is probable that other members of the Committee will be appointed. 
Upon motion it was then 


RESOLVED, That the Executive Committee of the National Research Council desires 
to express to the trustees of the Carnegie Corporation of New York its appreciation of the 
generous and timely assistance which has been provided for purposes of the Council by 
means of an appropriation of $50,000 to the Carnegie Institution of Washington to be dis- 
bursed through said Institution for such purposes. 


Consideration was given to the question of the organization of the Coun- 
cil, and of representation in its membership of various scientific activities. 
Upon motion, the Chairman was requested to appoint a special committee 
to consider all such questions and report thereon at a subsequent meeting 
of the Committee. Dr. Bogert was named as the Chairman of this Special 
Committee and requested to confer with the Chairman of the Council with 
regard to its membership. 

The Chairman presented letters from the Chairman of the Botany Com- 
mittee and from Dr. E. M. East of the Bussey Institution relative to the ap- 
pointment of a special committee on Botanical Raw Products. He also 
presented a letter from Dr. Earle H. Clapp, Chairman of the Committee on 
American Forest Research of the Society of American Foresters, urging the 
appointment of a special committee on forestry. After discussion, the Special 
Committee of the Council on Organization and Representation, of which 
Dr. Bogert has been appointed Chairman, was requested to give early 
consideration to questions raised by the suggestions and recommendations 
just submitted, with particular reference to the relation of work on forest 
products to other activities of the Council. 

Upon recommendation of the Chairman of the Anthropology Committee, 
Dr. Charles B. Davenport, Cold Spring Harbor, New York, was appointed 
a member of this Committee in place of Dr. Tom A. Williams, who has been 
detailed for foreign service. 

Dr. Mendenhall submitted the following report of the Committee of the 
Council appointed to consider questions of relations to State Councils of 
Defense: 


The Committee appointed to consider the question of the organization of state research 
committees and their relation to the National Research Council reports as follows: 

In the opinion of the Committee the matter of the usefulness and value of state research 
committees is in the experimental stage at present, so that it is undesirable for the National 
Research Council to take the positive attitude of urging the formation of such committees. 
It seems best to allow developments to take place in accordance with local needs, but to take 
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the precaution of outlining a form of procedure to recommend to the state councils of de- 
fense in case the organization of research committees is decided upon. 

The Committee therefore recommends that a letter be sent to the proper officer of all the 
state councils of defense which have not already organized research committees, embodying 
the points considered below, and that a letter offering the complete co-operation and as- 
sistance of the National Research Council be sent to those state councils which have already 
organized research committees. 

The National Research Council has carefully considered the question of the general 
organization of State Committees or Councils of Research, and has come to the conclusion 
that such organization should be determined by local needs and conditions. Local causes, 
such as the development or investigation of natural resources or the proper development of 
the use of research methods in industries, or the correlation of industries with research labo- 
ratories already existing at educational institutions, may make it very desirable to organize 
such state research committees. In fact, the present emergency offers, in some respects, 
an unusual opportunity for improving the correlation of industry and research, and it is 
highly desirable that those concerned with this development should not only consider it 
with reference to the emergency but should also plan for the permanent continuance of any 
research committees which may be formed. 

If such a committee is decided upon, the National Research Council is desirous of co- 
operating in every possible way and suggests the following scheme of organization: Com- 
mittees should be organized under the State Council of Defense (or similar official body) 
and at least their general expenses provided for by the state: they should be representative 
of the universities and other leading educational institutions through members chosen 
from their scientific and engineering research departments and also of those industries in 
which applied science plays the most important part. In choosing the personnel of the 
Committee in accordance with this general scheme, it is recommended that it include some 
representation from the committees on research of the universities of the state. Such a 
State Research Committee would be chiefly active through subcommittees assigned to con- 
sider particular questions, but should have a permanent secretary to handle correspondence 
and through whom close contact could be maintained with the National Research Council. 


Upon motion, this report was adopted, and the recommendations contained 
therein approved. | 


Cary T. Hutcuinson, Secretary. 
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Popular Articles and Textbooks, Librarian in U. S. Naval Observatory, Work at the 
University of Wisconsin, Solar Eclipse of May 6, 1883, Transfer to the Lick Observatory, 
and Up-building of its Staff, Photography of the Moon, Librarian of the U.S. Military 
Academy at West Point. The numerous titles of his contributions cover 15 pages. 
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HELIOTROPIC ANIMALS AS PHOTOMETERS ON THE BASIS OF 
THE VALIDITY OF THE BUNSEN-ROSCOE LAW FOR 
HELIOTROPIC REACTIONS 


By Jacques Loeb and. John H. Northrop 


ROCKEFELLER INSTITUTE FOR MEDICAL RESEARCH, NEW YORK CITY 
Communicated, July 25, 1917 


While it was customary to express animal instincts in terms of human 
behavior, one of us many years ago began to replace this anthropo- 
morphic method by the objective and quantitative methods of the 
physicist. ‘These methods were most easily applicable in the case of 
those instincts familiar to every layman in which animals were appar- 
ently attracted or repelled by light. Loeb! was able to express the ef- 
fect of light in these cases in the following terms: Certain animals are 
compelled automatically to orient their body in such a way that sym- 
metrical, elements of their photosensitive surface are struck by light 
of the same intensity. In that case the tension and energy production 
in the symmetrical muscles of both sides of the body are equal and there 
is no reason for the animal to deviate from this direction of its motion. 
If, however, the symmetrical photosensitive elements (e.g., the eyes) 
recelve unequal illumination the tension or energy production of the 
symmetrical muscles is no longer the same and the animal is auto- 
matically turned until its orientation is again such that symmetrical 
photosensitive elements receive the same amount of light. 

It was obvious from the observations that this reaction was a function 
of the constant intensity of light and Loeb assumed that it was a photo- 
chemical effect and that the function was probably the law of Bunsen 
and Roscoe, whereby the effect equals the product z ¢, where z is the 
intensity of light and ¢ the duration of illumination.? 
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The proof for the correctness of this view was furnished for the helio- 
tropic curvatures of the hydroid Eudendrium by Loeb and Ewald‘ and 
by Loeb and Wasteneys.* The authors could show that if the intensity 
of light was lowered the time required to call forth the heliotropic 
curvatures of the polyps had to be increased in such a way as to keep 
the product z ¢ constant. 

A second proof was furnished by Ewald’ who showed that when con- 
stant illumination was replaced by an intermittent one the same effect 
could only be produced when the product of time of exposure and in- 
tensity of intermittent light was the same as that of a constant light. 
Ewald worked on the orientation of the eye of Daphnia to light. This 
crustacean turns its eye to the light and when the eye is under the in- 
fluence of two lights of equal intensity the eye is turned in a direction 
at right angles to the line connecting the two lights. By keeping the 
one light constant, the other intermittent (through rotating a disk with 
a sector cut out in front of it) Ewald found that the two lights acted in 
an equal way when the product z ¢ in both cases was equal. 

The experiments of Eudendrium as well as Ewald’s experiments are 
tedious and it seemed desirable to have a simpler method for the veri- 
fication of this law. Bradley M. Patten® in working on the heliotropic 
reactions of the larva of the blowfly (which is negatively heliotropic) 
determined the path of the animals under the influence of two different 
sources of light striking the animals simultaneously. Theoretically 
the animal should creep in such a direction that the intensity of illumi- 
nation on both sides of its photosensitive elements should be equal, and 
Patten could prove that for each ratio of the two sources the path was a 
definite one. By rotating a wheel with a sector cut out before one 
source of light and cutting down the intensity of the other by a slit 
Patten could also show that indeed the heliotropic effect is determined 
by the product of intensity into duration of illumination. 

“Using the apparatus described, one of the beams of light was cut 
down by a diaphragm and the other by an episcotister, so that the light 
coming from one side was a steady beam of low intensity, and that 
from the opposite side an intermittent beam in which bright flashes 
alternated with darkness. The apertures in the sector wheel were ad- 
justed so that the amount of light from each source was equal for a unit 
time. It has already been established that when the larvae are sub- 
jected to equal steady beams of light from opposite directions the ag- 
gregate response is almost precisely at right angles to the line connect- 
ing the sources of light. The average angular deflection of 200 trails 
at equality was only 0.09°, when the degrees represented a distance of 
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but 1.5 mm. If the Bunsen-Roscoe law holds for the phototactic re- 
sponse of the larvae, they should orient perpendicularly to the rays of 
light when subjected to the action of steady and intermittent lights of 
equal energy per second. The experimental results based on 136 
trails made under these conditions show an average angular deflection 
of but 0.07° from the perpendicular. These results seem to show that 
in the blowfly larva the phototactic reaction follows the Bunsen-Roscoe 
energy law.’’? 

It seemed desirable to extend the proof for Loeb’s theory of animal 
heliotropism and especially for the validity of the Bunsen-Roscoe 
energy law to other forms of animals, and we selected for the purpose 
the reactions of the larvae of the barnacle which were already utilized 
by Groom and Loeb in their early experiments on the transformation 
of positively heliotropic animals into negative ones and vice versa. 

These larvae move in a straight line towards or away from a single 
source of light, and when two lights of equal intensity are given they 
move in a line at right angles to the line connecting the two lights. 
These animals are small and can be obtained in large numbers. They 
were made to collect in the corner of a dish with a little sea water and 
were then sucked up into a pipette which was blackened with the excep- 
tion of the opening. When such a pipette is put into a glass dish with 
parallel walls whose bottom is black (by putting paraffin blackened 
with lamp black at the bottom of the dish) the larvae will flow out in a 
fine stream and swim when they are positively heliotropic in a straight 
line towards the source of light. They thus form a rather narrow 
white trail on the dark bottom and it is possible to measure the angle of 
this trail with the line connecting the two lights. In this way in each 
observation the trail of thousands of individuals is measured. By using 
one constant and one intermittent source of light and comparing the 
results with those obtained by two constant lights we can test the 
validity of the Bunsen-Roscoe law. 

The method of the experiments was as follows: a bcd (fig. 1) isa 
square dish of optical glass with blackened bottom and containing a 
layer of sea water. A and B are two lights, the intensity of which is 
determined by a Lummer-Brodhun contrast photometer. In front 
of each light is a screen with a round hole permitting a beam of light to 
go to the dish. The lights and the dish a bc d are so adjusted that the 
two beams of light striking the sides a } and 0 ¢ at right angles cross 
each other in the middle of the dish. The light A is fixed while the 
light B is movable on an optical bench. The experiment is made in a 
dark room and the lights A and B are enclosed in a box. At the begin- 
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ning of the experiments the pipette is filled with a dense suspension of 
larvae in sea water and then put with its point touching the bottom of 
the dish. The animals flow out in a fine stream which is narrow at 
the opening of the pipette and widens slightly, owing probably to the 
negative stereotropism of the animals. A glass plate (fig. 2) 27 k 1, 
which has a strong red line 7 0 and a fine parallel line p g (cut with 
a diamond), is then put on the dish and so adjusted that p g is in the 
middle of the stream f g of the animals. ‘Then the angle a which p g 
makes with the perpendicular from A on a 6 is measured. | This per- 


Uk 


© 


FIG.) 1. 


pendicular is marked in the form of @ red line on the black base on 
which the glass vessela bcd stands. The angle a is measured with a 
goniometer. When the lights are equal in intensity a should be 45°; if 
the two lights have different intensities and if A be the stronger light 
a should become smaller with increasing difference in intensity. The 
individual measurements vary comparatively little, as long as the dif- 
ference in the intensity of the two lights is not too great; for this reason 
our observations do not go beyond a wider ratio of the two lights than 
10:1. Table 1 gives the results. A is always the stronger light. 
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Each table is the average of from 40 to 60 individual observations, each 
being the average of the path of many thousands of animals. 

In the next series of experiments an opaque rotating disk with one 
sector cut out was placed before light B. In one set of experiments the 
sector cut out was 90°. The rate of rotation (by an electric motor) 
was 1,500 to 2,500 revolutions per minute. The other light was con- 
stant and its position was chosen on the assumption of the validity of 
the Bunsen-Roscoe law for these cases. Thus when the two lights 
without sector were equal at a given distance of A, by putting the 90° 
sector before 5, it was assumed that the ratio of effects would be the 
same as if, with constant light, B had been placed at the double dis- 
tance and the ratio of intensities of the two lights had been 4:1. Going 
on such a calculation we should expect the same values for a as in table 1. 

As one sees the observed values are 
slightly smaller but practically identical h 
with the values obtained when the two 


lights are constant. ‘The deviation is prob- 
ably due to the fact that the photochemical 
efficiency of an intermittent light is a trifle 
less than that calculated on the basis of 
the Bunsen-Roscoe law.° 

We carried out some experiments with a k l 
sector of 144°. When the efficiency of both 
lights was equal on the assumption of the 
validity of the Bunsen-Roscoe law a was found to be 44.9° (instead of 
45°), and for the ratio 2:1 a was found to be 38.8°. The values are, 
within the limits of error, identical with the values in tables 1 and 2. 


FIG. 2. 
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Summary.—The paper gives some new quantitative experiments 
proving that the ‘instinctive’ motions of animals to light are phenomena 
of automatic orientation (heliotropism) and a function of the constant 
intensity of light; the exact expression of the function being the Bunsen- 
Roscoe law of photochemical action. 
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THE APPEARANCE OF REVERSE MUTATIONS IN THE BAR-EYED 
RACE OF DROSOPHILA UNDER EXPERIMENTAL CONTROL 


By H. G. May 


DEPARTMENT OF ZOOLOGY, UNIVERSITY OF ILLINOIS 
Communicated by T. H. Morgan, July 10, 1917 


During some experiments in selection for higher and lower facet 
numbers in the bar-eyed race of Drosophila ampelophila I obtained 
six full-eyed males and five heterozygous females from the stock 
bottles and the selected lines. 

In appearance these flies could not be distinguished from normal 
full-eyed males and heterozygous females. Three males. and three 
females were mated with bar-eyed flies and gave the offspring antici- 
pated from such normal flies. In two cases the males gave only bar- 
eyed male offspring and heterozygous female offspring. In the third 
case the offspring were not examined until twenty-four days after the 
mating had been made and as the result of the hatching of individuals 
from the second generation bar-eyed females and full-eyed males were 
also present. The offspring of the heterozygous females in each case 
consisted of bar-eyed and full-eyed males and bar-eyed and heterozygous 
females. Some of the offspring of a full-eyed male were interbred and 
produced full-eyed males and bar-eyed females as well as bar-eyed males 
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and heterozygous females. In appearance and behavior, therefore 
these flies could not be distinguished from normal full-eyed males and 
heterozygous females. 

The possibility that the flies were due to contamination is not abso- 
lutely excluded, but the probability is very low. In handling food and 
flies the usual precautions were used. No larvae or flies appeared 
in the food. jars. Both vestigial-winged and long-winged races were 
handled, but no contamination of one with the other appeared. Three 
full-eyed males and one heterozygous female appeared in the vestigial 
race and all had. vestigial wings; the others appeared in the long-winged 
race, and all had long wings. The fact that all females were heterozy- 
gous is a very strong argument against the probability of contamination. 
In case of contamination the females should, at least in the majority of 
cases, have been full-eyed; but no full-eyed females appeared. In the 
face of this evidence it is almost necessary to conclude that these flies 
appeared by reverse mutation and not by contamination. 

The appearance of such reverse mutations can not readily be explained 
on the basis of the presence and absence theory nor on the theory of 
association and disjunction, but it is not difficult to explain on the theory 
of chemical change. If a chemical change in the constitution of some 
substance, probably in the chromosomes, produced the bar-eyed mutant, 
then a reversion of that chemical change would produce the original 
substance and so bring about the reappearance of the original character, 
the full eye. 

The data upon which this report is based together with a more de- 
tailed discussion will be published in the near future in the report on the 
selection experiments. 


THE PART PLAYED BY ALCYONARIA IN THE FORMATION OF 
SOME PACIFIC CORAL REEFS 


By Lewis R. Cary 
DEPARTMENT OF BIOLOGY, PRINCETON UNIVERSITY 
Communicated by A. G. Mayer, June 22, 1917 


Following up my studies on the coral reefs of the Tortugas Islands, 
in which it was found that in this particular region the alcyonaria con- 
tribute more limestone to the reefs in a given time than do the stony 
corals, a similar study of the- coral reefs was undertaken, under the 
auspices of the Carnegie Institution of Washington, at the Island of 
Tutuila, American Samoa. 


546 ZOOLOGY: L. R. CARY 


All of the coral reefs about Tutuila are fringing reefs, with the excep- 
tion of the large reef at Nueli (Blacks Bay on the charts), which appears 
to be changing from a fringing into a barrier reef. Along most of 
the north shore the reefs are restricted to the bays, or harbors, while 
on the south side of the island the reefs are continuous from bay to bay 
around many of the headlands. 

In Pago Pago harbor, which is bordered with coral reefs broken only 
where one of the numerous streams has its entrance, there exists all of 
the possible conditions of reef environment varying from those at the 
entrance of the harbor where the surf beats incessantly to those at its 
inner end where, even in severe storms, the water is only slightly agi- 
tated. Marked gradations in the salinity of the water and in theamount 
of sediment which it bears are also found at different points within this 
area so that the relationship of reef building organisms to these factors 
can be readily observed. 

Six species only of alcyonaria were found on the reefs at Tutuila. 
Of this number two occur so rarely that they are unimportant factors as 
reef builders. All six species belong to the Alcyonaceae. 

Two of the more abundant species contribute to reef formation only | 
through the setting free of their spicules at the death of the colony. 
The others, Alcyoneum rigidum and A. confertum, form at the base of the 
colony a corallium-like mass of limestone composed of closely cemented 
spicules, upon which the living tissues are bourn. ‘This rock is continu- 
ously added to as the colony grows outward and upward, the living 
tissues disintegrating about its base as expansion takes place. In this 
way heads composed of spicule rock are formed which extend to a height 
of 4 feet (up to low tide mark) above the general reef flat, and which 
have a circumference as great as 20 feet. 

The distribution of the alcyonaria on the Pago Pago reefs depends on 
a number of factors. Very few specimens are found on the horizontal 
surfaces of the exposed reefs. On the nearly vertical faces of these reefs, 
however, Alcyonium rigidum often covers large areas forming a nearly 
continuous carpet. ‘This species occurs on the faces and in the deeper 
holes of practically all of the reefs about Tutuila, but on the horizontal 
surfaces of only those reefs which while protected from heavy breakers, 
are traversed by strong currents which provide for good aeration, normal 
temperature of the water and against the silting up of the colonies. 

A. confertum, which is next in importance as a reef builder, is the most 
resistant of the four species and is consequently the most widely dis- 
tributed. 

A. glaucum requires much the same environmental conditions as A. 
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rigidum but is commonly found in slightly less favorable conditions than 
the latter by which it is, on account of its habits of growth, easily crowded 
from the most favorable locations. ; 

The fourth species A. flexilae is by far the most delicately branched 
and is also incapable of retracting its branches. It is consequently 
restricted to very quiet waters in the most protected locations on the 
reefs. 

To determine the proportion of alcyonaria in different locations on 
the Pago Pago reefs clearly marked lines were run across a number of 
the reefs from the shore to their outer edges. Along these lines squares 
25 feet on a side were laid off and the area occupied by alcyonaria esti- 
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Fic. 1. Showing the distribution of the alcyonaria across the Utelei reef Pago Pago 
harbor, Samoa. The figures along the ordinate represent the distance in feet from shore, 
those along the abscissa the area in square feet covered by alcyonaria on each square the 
sides of which were 25 feet in length. 

Fic. 2. Showing the distribution of three species of alcyonaria along a line the total al- 
cyonaria of which is shown in figure 1. 

Distribution as shown in the previous figure. Alcyonium glaucum, 0—————; 
Alcyonium confertum, @ ----- ; Aleyonium rigidum, =F.) e304 


mated for each square. Figure 1 shows the conditions on a reef along 
the south side of a cove at Utellei village which is situated on the west 
sideof Pago Pago harbor about three-quarters of a mile from its entrance. 

On .account of the configuration of the shore line at this place a 
strong current sets across the reef area traversed by the outer half of this 
line, while over the inner portion the currents are very weak. The depth 


at extreme low tide varies from 6 to 15 inches over all of this reef except 


the lithothamnuium ridge which is exposed for a width of from 50 to 
f© feet, | 

Figure 2 shows the area occupied by each one of the three species: 
occurring along this line. The thickness of the rock formed from spicules 
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over these areas varies from a mere veneer to at least 2 feet. Along the 
outer vertical face of the reef on the opposite (north) side of this same 
cove many barren areas were found to be covered with a surface layer 
of spicule rock from 1 to 12 inches in thickness. This layer extends back 
into many subterranean caverns in the reef for a distance of several feet, 
and when added to the area of the reef face now covered with living 
alcyonaria constitutes an almost complete covering of spicule rock over 
the entire reef face for more than one-third of a mile from the head of 
the cove. 

While these observations have made it clear that on certain of the 
pacific reefs the alcyonaria are important coral forming agents their 
relative importance can be determined only after borings have been made 
through some reefs to determine whether or not the present conditions 
are transient or have been maintained over long periods during the up- 
building of the reefs. 


OBSERVATIONS UPON THE ALKALINITY OF THE SURFACE WATER 
OF THE TROPICAL PACIFIC 


By Alfred Goldsborough Mayer 


DEPARTMENT OF MARINE BIOLOGY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated, June 22, 1917 


On a voyage from San Francisco, California, to Honolulu and thence to 
Pago Pago, Samoa; and also upon the return over the same route, we 
made daily observations of the hydrogen-ion concentration of the surface 
water, using for this purpose a set of thymolsulphonephthalein tubes 
standardized and prepared by Prof. J. F. McClendon, and kindly 
presented to us for this purpose. 

It was found that in the mid-Pacific, N.N.E. of Samoa, the surface 
water at or near the equator was cooler, and less alkaline than. 5°-10° 
north or south of this region. This fact will appear upon inspection of 
the tables at the end of this paper. It seems that the water of the equa- 
tor at 24°9 C. is so low in alkalinity as to be comparable in this respect 
with the water of only 15°C. about 300 miles off the mouth of San Fran- 
cisco Harbor, California. 

The low alkalinity of the water near the equator was usually although 
not invariably associated with a decided easterly set opposite in direction 
to the prevailing westerly surface drift of the tropical Pacific. 

This suggests that counter currents at the surface in the tropical 
Pacific may be regions wherein the cold bottom water is rising to the 
surface; and that this cold water has not yet had time to come into 
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equilibrium with the carbon dioxide of the atmosphere, and thus still 
retains some of the relative acidity associated with its former low 
_ temperature. 

Similarly, we would expect cold currents drifting into warmer regions 
to retain their relative acidity to a greater degree than is warranted by 
their augmenting temperature; and this expectation appeared to be 
justified by the very low alkalinity of 0.141 < 10-7 shown by the water 
at 10°5 C., 54 miles W.S.W. of Golden Gate, San Francisco, on May 1, 
1917. 

No conclusions should be drawn from such meagre observations, but 
if future studies should demonstrate that low alkalinity is usually asso- 
ciated with easterly set of surface currents over the tropical oceans, 
the fact may become of importance to navigation owing to the ease and 
rapidity with which colorimetric tests of the alkalinity of sea water 
may be made by using a graded series of thymolsulphonephthalein tubes 
in the manner suggested by McClendon. In response to a request from 
Professor McClendon, tests were made of the carbon dioxide of the atmos- 
phere at noon each day, but these showed that there is apparently no 
definite relation between the CO, tension of the air and the local alkalin- 
ity of the surface water. 

The CO, tension was very variable and ranged from about 0.00045 to 
0.00025 of an atmosphere, the average of 22 determinations being about 
0.00035. There is also no definite relation between the salinity and the 
hydrogen-ion concentration of the ocean water, as will appear from the 
following tables. 

The cold current which moves southward along the coast of California, 
is of low salinity being about 33.6 or 33.7 on an average whereas the sa- 
linity of the water between 1000 miles off the Californian coast and the 
Hawaiian Islands is about 35. 

An elaborate study of the salinity and temperature of the water off 
the California coast has been made by George F. McEwen, University 
of California Publications, Zoology, 15, 1916, (255-356, Plates 1-38), and 
_the presence of an upwelling of cold water from the depths is clearly 

indicated along the California Coast as a result of studies by Michael 
and McEwen. 3 


A. G. MAYER 
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THE EFFECT OF TEMPERATURE ON LINKAGE IN THE SECOND 
CHROMOSOME OF DROSOPHILA 


By Harold H. Plough 


ZOOLOGICAL LABORATORY, COLUMBIA UNIVERSITY 
Communicated by T. H. Morgan, July 5, 1917 


Some recent data have shown that certain influences affect the per- 
centage of crossing over. Bridges! (1915) noted that the age of the 
mother altered the result in the second chromosome, and Sturtevant? 
(1917) has recently discovered no less than three definite Mendelian 
factors which influence the strength of linkage in parts of the second 
and of the third chromosomes. For two years I have been studying 
the effect of changes in the environment on the percentage of crossing 
over in Drosophila melanogaster (ampelophila). It has been found that 
very striking effects are produced by differences in temperature for the 
second chromosome. A full report of this work will appear in a forth- 
coming number of the Journal of Experimental Zodlogy. 

Tests of the effect of temperature on the percentage of crossing over 
were made in the following way. Virgin females from ihe stock collectea 
originally at Falmouth, Mass., were mated to males homozygous for 
the second chromosome factors for black body color, purple eyes and 
curved wings. ‘The pairs were placed successively in two or more sets 
of bottles for three or four days each. The bottles of the first set were 
kept at room temperature—about 22°C—and each of the other sets at 
one of the temperatures to be tested. The normal females heterozygous 
for black purple curved which hatched from each set were then back 
crossed to males of the original mutant stock and the offspring allowed 
to hatch at room temperature. The offspring (F:) of the back cross 
show the genetic constitution of the (F,) eggs, and enable one to calculate 
the percentage of crossing over between black and purple, and purple 
and curved. The percentages for the shorter region—black to purple— 
from a number of experiments involving more than 35,000 flies are shown 
in the curve given in figure 1. The value at 22°C is the average of the 
controls for all of the different sets. At lower and higher temperatures— 
5°C. and 35°C.—no fertile offspring hatched. 

The curve is of considerable interest since it shows that both high and 
low temperatures produce an increase in the percentage of crossing over, 
1.e., a reduction in the strength of linkage. It is plain that the process 
does not follow van’t Hoff’s law, as do most physiological processes.? 
The phenomenon therefore involves apparently some change in the phys- 
ical state of the colloidal substratum of the cells. 
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Further investigation has demonstrated that the increase in the per- 
centage of crossing over due to high or low temperature applied during 
the development of the female parent is maintained for only six or seven 
days after she begins to lay. At the end of this period the percentage 
drops to the same level as the control. It has also been found that the 
high or low temperature can be applied to adult females with similar 
results. After the flies are exposed to the new temperature, an interval 
elapses during which 225 to 275 eggs are laid which do not show the 
effect of the new temperature. The percentage then jumps suddenly 
to the high point where it remains for approximately the length of time 
of the exposure. A curve illustrating this point is shown in figure 2. 
The mothers of both series were sisters hatched at room temperature. 
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They were mated and placed in phials which were changed regularly 
at two day intervals. From the third to the eleventh day the pairs of 
one series were exposed to a temperature of 31.5°C while the others were 
continued at room temperature. The percentage of crossing over for 
the black to purple region is shown in the curve. After an interval of 
eight days following the beginning of the treatment (i.e., beginning on 
the same day that the flies were returned to normal temperature) the 
treated series showed an increase of more than 100% in the amount of 
crossing over among their offspring. This high ratio was maintained for 
eight days, after which it returned at once to the control value. 

The facts apparently indicate that temperature affects the amount 
of crossing over at a definite stage in the oogenesis. Exposures to high 
temperatures for one, two or four day periods make it appear that a 
consecutive exposure of nearly two days is required to produce any 
effect at all. Cytological examination has shown that shortly after 
hatching about 140 eggs have usually passed the last oogonial division. 
Controls show that eggs are laid at the rate of about 50 a day or 100 
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in two days. This number of eggs therefore has not received the ex- 
posure necessary to produce the change in crossing over. The culmina- 
tion of the two days exposure is to be expected in those eggs so 
situated that 125 to 175 eggs will be laid before them. Such an 
interpretation makes it extremely likely that the change in the amount 
of crossing over is finally affected in the earliest oocytes, that is, at 
the beginning of the growth period. The above evidence on the time 
of applying the new temperature and the time when the change in 
crossing over occurs, suggests that the crossing over process takes place 
in the stage when the chromosomes of Drosophila are known to be finely 
drawn out threads. 

The decrease in the strength of linkage caused by temperature in no 
way weakens the chromosome interpretation of linkage. It rather adds 
to it considerable support, for it localizes the process of crossing over at 
a period in oogenesis when twisting between homologous threads seems 
possible. The evidence positively establishes the fact that crossing over 
does not take place during the early oogonial divisions, and makes it 
extremely improbable that it occurs at so late a stage in the growth 
period as the thick thread stage favored by Janssens as the chiasmatype. 


1 Bridges, C. B., J. Exp. Zoil., Wistar Inst., Philadelphia, 19, No. 1, July, 1915. 
2Sturtevant, A. H., these PROCEEDINGS, 3, 1917, (555-558). 
3Cf. Snyder, C. D., Amer. J. Physiol., 22, 1908, (309). 


GENETIC FACTORS AFFECTING THE STRENGTH OF LINKAGE 
IN DROSOPHILA ° 


By A. H. Sturtevant 


ZOOLOGICAL LABORATORY, COLUMBIA UNIVERSITY 
Communicated by T. H. Morgan, July 5, 1917 


In September, 1913, a wild female Drosophila of a stock from Liver- 
pool, Nova Scotia, was crossed to a male bearing the second chromo- 
some mutant characters vestigial and speck. A single daughter of this 
mating was tested, and gave no crossovers among 99 offspring, though 
vestigial and speck usually show about 37% crossing over. This 
strain has since been bred in very large numbers, and the experiments 
are being continued; but it has seemed advisable to report briefly on some 
of the results obtained.! : 

It has become clear that the original result was due to something in 
the second chromosome derived from the Nova Scotia female. Two 
of her granddaughters and all of her later descendants that were known, 
from linkage, to have received the second chromosome in question gave 
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similar results; but those descendants known not to have received it 
gave the ‘usual’ result. This was true whether the chromosome 
came from the mother (as above) or from the father. And when other 
second chromosome genes were substituted for vestigial and speck, un- 
usual ratios still appeared; but for any combination the result was 
relatively constant, and the combined ‘unusual’ results give as con- 
sistent a scheme as the ‘usual’ results. The first column of table 1 
shows the percentage of crossing over in the ordinary females for various 
combinations of second chromosome genes.? The second column gives 
similar data for tests of females that carry a Nova Scotia chromosome. 
Figures 1 and 2 are chromosome maps constructed on the basis of these 
two columns. 
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A large number of these experiments have been made with females 
having one Nova Scotia chromosome, and its mate bearing the mutant 
genes black, purple, and curved. Numerous tests have been made in 
order to determine the nature of the crossovers produced. It has been 
found that those crossovers that receive the part of the original Nova 
Scotia chromosome lying to the left of the purple:locus still give unusual 
results and -transmit the peculiarity to all of their descendants that 
receive this piece. The results produced by such females are not, how- 
ever, the same as those produced when all the Nova Scotia chromosome 
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is present, as is shown in column 3 of table 1 and in figure 3. When 
the other piece of the Nova Scotia chromosome, lying to the right of 
purple (and, in many experiments, that part of it that is also to the 
left of speck) is tested, a still different result is obtained, as shown in 
column 4 and figure 4. 


TABLE 1 


PERCENTAGE OF CROSSING OVER 


ais Cry Car Ci Cor Cor Cr Cur 
Normal — — — — Resa ieteicis 
Cir Chr 
SEE DIACK eh. 4226 0e% san os 393 0.0 0.0 42.4 BSa2 0.3% 
SHAE OUEDIC ents ee ees s,s 40.2 0.0 x 45.4 40.6 023* 
Stameunved. nail. 46.5 x 25:9 47.3 x x 
Sbanispeckicdis ilies vests 48 .3 0.4 49.0 46.0 49.0 47.4 
Blackvpurple: 2... oe... 5: 579 0.2 0.4 o20 3:0 0.1 
Iplackevestioial,.......... 16.9 tee 2 x 8.9 x x 
Black curved), <0... 6. Upset 13 2546 (Es x x 
Blackespeck. . ..52 66 es. 49.3 qi 48.8 9.3 43.5 47.0 
Purple vestigial. ...4...... 11.1 hee x 0.6 x * 
Purple curved ..........+ 19.0 | 20.5 ad x x 
Purpie speck)... 22.6... 46.5 2 47.4 2.8 42.2 47.4 
Westigial ‘speck.........:. S0n0 0.2 x 0.0 x x 
umTVediSPeCK 0.2... bias. ca 29.8 0.1 S042 0.2 x yee 
jatotalclengthies <i. 2.85 2% 94.0 1.4 56.4 | 30 84.0 47.8 


* These few (6) crossovers are doubtful. None of them were tested; and there is apt to be 
a small percentage of error in classifying Star flies. 

+ Calculated as Star black + black purple + purple curved + purple speck in all but the last 
two columns, where purple speck is used. In no case further corrected for double crossing 
over. 


It follows from these results that the original Nova Scotia chromosome 
contained at least two factors causing reduced crossing over, and each 
affecting chiefly the region in which it lies. We may call these two fac- 
tots ‘Cy’ and Cy,’ (C for crossing over, after Muller? II to dis- 
tinguish them from similar factors affecting other chromosomes, / and 
r for left hand and right hand). . 

By appropriate matings it has been possible to obtain females homo- 
zygous for Cyr, and a surprising result has been observed: the effect 
produced by Cyr when heterozygous disappears when it becomes 
homozygous (see columns 5 and 6, figures 5 and 6). There can be no 
doubt of this result, as it has been obtained repeatedly, and has often 
been checked by tests of the offspring. It has also been paralleled more 
recently by results obtained by Muller? (1916) and by me‘ with Cyr. 
Similar tests of homozygous Cy have not been possible since no chromo- 
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some has yet been obtained that contains both that factor and any 
mutant factor within its ‘‘sphere of influence.” 

Backcross tests have shown that males of all the above types with 
respect to Cy and Cy, resemble “normal” males in giving no cross- 
overs at all. 

Included in the above tables are a considerable number of data in- 
volving three or more loci at once; and these agree with the table in show- 
ing clearly that the linear order of the factors established for the usual 
second chromosome is unchanged by the factors under discussion. The 
amount of crossing over is altered, often markedly, and not usually 
proportionately in different regions; but the factors keep their same 
sequence. ‘This result serves to emphasize the importance of consider- 
ing the distances on chromosome maps as only diagrammatic, not as 
representing actually proportionate distances between the genes, al- 
though actual distance is evidently an.important factor influencing the 
end result. It does not, I think, in any way weaken the case for the 
chromosome hypothesis, but merely shows, together with the results of 
Bridges® (1915) and Plough® (1917), that any chromosome map is avail- 
able for purposes of numerical prediction only when the conditions 
under which it was made are duplicated. 


1 Some of the early results were reported at the 1913 meeting of the American Naturalists, 
and brief references have been published by me (1915) and by Muller (1916). 

2 Much of this data has not hitherto been published. It has been collected mainly by 
Dr. C. B. Bridges, to whom I am indebted for permission to use it. 

3 Muller, H. J., Amer. Nat., Lancaster, Pa., 50, 1916, (193, 284, 350, 421). 

4 Sturtevant, A. H., Zs. Abst. Vererb., 13, 1915, (234). 

5 Bridges, C. B., J. Exp. Zool., Wistar Inst. Philadelphia, 19, 1915, (1). 

6 Plough, H. H., these PRocEEDINGS, 3, 1917, (553-555). 


FURTHER EVIDENCE ON THE CONCENTRATION OF THE STARS 
TOWARD THE GALAXY 


By Frederick H. Seares 


' MOUNT WILSON SOLAR OBSERVATORY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated by G. E. Hale, July 9, 1917 


In a previous communication! attention was directed to the striking 
difference in the results for the distribution of the stars with respect to 
the galactic plane found by Kapteyn? and by Chapman and Melotte.’ 
An analysis of the counts of stars on photographs of 88 Selected Areas, 
made at Mount Wilson with the 60-inch reflector, gave preliminary 
values for the variation in the totals to magnitude 17.5 which agree well 
with those of Kapteyn. 
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Further confirmatory evidence of the large value of the galactic 
condensation for the faint stars, which is so striking a feature of Kapteyn’s 
conclusions, is available from two different sources. The first is a series 
of counts made at Groningen on photographs of 54 Selected Areas 
taken with the Bruce telescope of the Harvard station at Arequipa in 
Peru. The results for these including 127,315 stars, are given by Kap- 
teyn in his First and Second Reports on the Progress of the Plan of Selected 
Areas.4. The second source of data for a comparison is the collection of 
counts recently published by Turner for nearly 600,000 stars in zones of 
the Astrographic Catalogue.® 

The durchmusterung photographs of the southern Selected Areas 
extend from +62° to —76° galactic latitude, and are well distributed 
throughout this interval. The exposure time was two hours. We 
assume that the different plates are comparable, in limiting magnitude, 
and a reference to Professor Kapteyn’s tabulation® indicates that the 
agreement in this particular is satisfactory. The calculated limits of 
brightness given by him show considerable irregularity, but it should 
be noted that these have been derived from the observed density in each 
_ field, and are thus affected by local variations in the distribution of the 
stars, as well as by changes in atmospheric transparency and in the photo- 
graphic conditions of exposure and development. For example, area 
No. 110, galactic latitude +1°, lies between the two branches of the 
Milky Way, and is known to include an abnormally small number of 
stars. This accounts for the unusually bright limit of 13.2 given by 
Kapteyn. 

The photographs of areas in southern latitudes are richer in stars than 
those north of the Galaxy; but since the evidence from other sources as to 
the reality of this difference is conflicting, no distinction has been made 
between northern and southern latitudes in forming the mean curve 
connecting latitude with stellar density (number of stars per square 
degree to the limiting magnitude m, denoted by Nn). 

After the counts had been arranged in the order of increasing latitude, 
overlapping means for groups of ten areas were formed, with the results 
shown in the first two columns of table 1. These define a smooth curve 
whose ordinates and corresponding abscissae for equidistant intervals 
are in the third and fourth columns of the table. The value in paren- 
theses is an extrapolation. The fifth column contains the densities from 
Kapteyn’s table in Groningen Publication, No. 18, p. 54, for magnitude 
16.0, which is adopted as the mean limit for the whole series of plates. 
In the column following are the densities from the Mount Wilson photo- 
graphs of 88 northern Selected Areas. These are the values given in 
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these PROCEEDINGS, 3, 1917, 219, after the application of a correction of 
—0.10 to the logarithms to reduce them to the limiting magnitude of 
the durchmusterung plates. | | 

The significant feature of the table is the relation between the three 
series of results shown by the differences in the last two columns. These 
reveal no important systematic effect and show that the increase in 
stellar density with decreasing latitude is substantially the same for all 
three investigations. The differences MW—DM are noteworthy in that 
all of the Mount Wilson photographs are of regions on or north of the 
celestial equator, while the durchmusterung areas are on or south of 
the equator, with only seven regions in common. 

The average value for the ratio of the number of stars at 5° latitude to 
the number at 80° is 23, with deviations of —2, +4, and —2 for DM, 
Kapteyn, and MW, respectively. This result refers to magnitude 16.0 
on the scale of Groningen Publication No. 18. On the international 
photographic scale the limit would be approximately 17.0. 

The counts for the Astrographic zones, which constitute a very impor- 
tant collection of data, have been discussed with detail in an article 
that will appear in the Astrophysical Journal. The salient features 
only need be touched upon here. The zones are ten in number, each — 
2° wide, and well distributed in declination from +62° to —65°. The 
counts extend throughout the entire 24 hours of right ascension, so that 
each zone includes a wide range of galactic latitude. We have here, for 
each hour of right ascension, not only the total number of stars to the 
faintest limit of the Catalogue, but also the totals to at least one, and 
usually two, other limits from one to three magnitudes brighter. We 
assume that each limit is constant for any given zone; although there 
are obvious irregularities, their influence is pretty thoroughly eliminated 
by the method of discussion, and it is improbable that the mean distri- 
bution is affected to any important degree. 

A curve connecting latitude and density was drawn, just as in the case 
of the durchmusterung counts above, for each separate limit of each 
zone. From these curves were read the stellar densities for each 10° 
latitude. With these and their respective latitudes as arguments, 
corresponding magnitudes were interpolated from Kapteyn’s distribu- 
tion table in Groningen Publication No. 18. The mean of the magnitudes 
thus found for any curve was adopted as the limiting magnitude for that 
curve and for the series of counts to which it corresponds. The process 
is exactly that described in these PROCEEDINGS, 3, 1917, 217, and there 
used for the determination of the limiting magnitude, on the scale of 
Kapteyn’s table, of the Mount Wilson photographs of the Selected Areas. 


s 
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The next step involved the segregation of the data for equidistant 
values of galactic latitude. The 0° ordinate for each of the original 
curves was plotted against the limiting magnitude just found for the 
curve to which it belongs. These points define a new curve expressing 
the variation of stellar density with magnitude for regions in 0° latitude. 
Similar curves were also derived for 10°, 20°, etc., by plotting the appro- 
priate ordinates of the original curves against their limiting magnitudes 


TABLE 1 


COMPARISON OF DURCHMUSTERUNG RESULTS WITH KAPTEYN AND Mount WILSON 


MEAN OBSERVED GALACTIC Oa KAPTEYN MW 

ae | EE et aia kw | DM | DM 
oe 3.99 eon 3297 4.04 4.03 +0.07 +0.05 
10 3.90 15 3479 Ste 3.76 —0.05 —0.03 
16 B15 25 3.50 3.47 3.43 —0.03 —0.07 
2S 3.63 35 S622 3:23 3.16 +0.01 —0.06 
30 Si. O2 45 3.00 3.04 3.00 +0.04 0.00 
37 Sls 55 2.84 2.89 . 2.88 +0.05 +0.04 
47 2.98 65 2.74 274 219 0.00 +0.05 
60 24719 80 (2-65) 2.60 2.69 (—0.05) (+0.04) 

TABLE 2 


DIFFERENCES IN LOG Nj, FROM ASTROGRAPHIC ZONES AND FROM KAPTEYN’S TABLE 
OF DISTRIBUTION 


(Unit = 0.01) 
GALACTIC LATITUDE 
MAGNITUDE 

0° 10° | 20° | 30° | 40° | soe | 60° 70° | 80° 

8.5 —3 0 0 ine +2 +1 +1 +1 0 
9.0 —3 0 0 +1 0 —2 —2 —1 —2 
On5 —1 +1 Se) re 0 —3 —3 —3 —1 
10.0 0 +1 +3 +3 0 —2 —3 —2 —1 
10.5 —1 +1 +4 +3 0 —2 —4 —2 +1 
11.0 —3 0 +4 +3 —1 —2 —3 —2 —1 
eS —3 —1 +4 +4 +1 —1 —1 0 —1 
12.0 —4 —1 +3 +4 +1 0 0 +1 —2 
1225 —5 —1 +4 +5 +3 +2 +2 +1 —1 


1 


as before. From the new curves were read the densities corresponding 
to each half-magnitude interval from 8.5 to 12.5. The results, when 
tabulated, constitute a distribution table analogous to that of Kapteyn, 
though restricted in its range of brightness. 

Our interest is naturally in the agreement of these two tables. ‘Fheir 
differences (Astrographic zones minus Kapteyn), in units of the second 
decimal, are shown in table 2. Though more or less systematic, the 
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deviations are very small—in most cases within the uncertainty which 
necessarily affects the discussion of the data. To this extent, therefore, 
we may look upon them as supplying a very satisfactory confirmation 
of Kapteyn’s results. This fact is further illustrated by the following 
series of values for the galactic condensation (ratio of number of stars 
at 5° to number at 80°). 


Limiting Maonitude)....... 4.244 3.) 9.5 1055 iS 1225 16.0 
GAOL AI ee meNtc he oad UN Re eee UA Sauaed See! 3.8 4.9 6.7 27 
Astrographic ZONES 2c. ems ee 2.4 S22 3.8 4.7 OY vine 
Arequipa, Selected Areas. or scurry: ae Sere oats Ae 21 
Mt. Wilson, Selected Areas......:... Bie Bese: ane mae ay 


It is important to note that the use of Kapteyn’s density table for the 
determination of the limiting magnitudes of the counts has not artificially 
forced an agreement with his values of the galactic concentration. The 
use of a limit thus derived for any zone in no wise affects the rate at 
which the density observed within that zone increases with decreasing 
latitude. The results are referred to Kapteyn’s scale of magnitudes, but 
this influences only indirectly the value of the condensation for any 
specified limit. 

A comparison of the counts for the different zones with the mean dis- 
tribution table whose derivation has been outlined reveals large devia- 
tions in individual cases. ‘To what extent these represent local variations 
in stellar density cannot now be determined. Professor Turner has been 
led to believe’ that the Astrographic data give evidence of a spiral of 
obscuration encircling the sky, in which the ratio of the number of faint 
stars to bright stars is abnormally low. But his discussion seems not to 
include the influence of the increase in galactic condensation with increas- 
ing magnitude, which appears so clearly in the numbers appended to 
the preceding paragraph. When this has been duly allowed for, the 
fluctuations in the ratio of faint stars to bright stars assume an accidental 
character; doubtless they correspond in part to actual variations in 
density, but differences in observing conditions must also have contrib- 
uted much in producing the irregularities. 


1 Seares, F. H., these PROCEEDINGS, 3, 1917, (217-222). 

2 Kapteyn, J. C. , Groningen, Pub. Astr. Lab., No. 18, 1908, (1-54). 

3 Chapman, B. ie , and Melotte, P. J., onion. Mem. R. Astr. Soc., 60, 1914, (145- 173). 

4 Published by the Astronomical Laboratory at Groningen, 1911, (1-34). 

5 Turner, H. H., Numerous articles in London, Mon. Not. R. Astr. Soc., 72, 75, 76, 77, 
1909-1916. 

6 Kapteyn, J. C., First and Second Reports, Groningen, 1911, (1-34), p. 15. 

7 Turner, H. H., London, Mon. Not. R. Astr. Soc., 76, 1915, (149-157), p. 152. 
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THEORETICAL RELATIONS IN THE INTERFEROMETRY OF 
SMALL ANGLES! 
By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY? 
Communicated July 25, 1917 


In addition to the sides of the ray parallelogram (base, 6) and the 
radius of rotation R, we shall have to consider the following angles or 
angular increment: Aa the angular rotation of the paired mirrors, Ad 
the corresponding angular displacement of the fringes, AN the linear 
displacement of the micrometer mirror (in a direction normal to its 
face), and Ag the angle subtended by two consecutive fringes. If x 
is the order of the fringe we may write 


Ay = Ad/An (1) 


Moreover if 7 is the angle of incidence (45°) of the impinging beams at 
the mirrors and \ the wave length in question, 


2 cost AN /An = X, (2) 
or on substitution, 
A@/AN = Ag/(AN /An) = 2 cos i-Ag/n (3) 
Again if s is the angle at the apex of the distance triangle on the base 3, 
As = 2Aa (4) 
and 
ha = AN cost; Ry 3 OD 
and since the distance d = b/2As = b/2Aa, from (5) 
d= 0R/JAN.cos 7 = F/ AN (6) 
so that the sensitiveness is from (6), 
dd = (2d? cos 7/bR) 56 (AN) = 6 (AN) /Fé? (7) 


If uw is the index of refraction, e the effective thickness of the plates, 
l.e., the difference of effective thickness of the two half silvered plates 
through which the beams pass, we may write as in the colors of thin 
plates (since the respective beams pass each plate but once) 

ny = eucosr — 2N cosiz (8) 

if ry is the angle of refraction corresponding to the incidence, 7. If n, 

z, 7, alone vary while e, », \, N, are fixed and since sin 7 = uw sin s, Le., 
if the eye travels through the field of the telescope from left to right, 

Ay = di/dn = d/(2N sini — e tan r cos 2) (9) 


so that Ag depends inversely on e and N. 
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When the spectrum ellipses are centered, V = N., a condition neces- 
sary for the occurrence of achromatic fringes, where, 


2N. =e (ucosr + 2B/\ cos r)/cosi (10) 


if \du/dd = 2B/d* is adequate. Equation (10) may now be inserted in 
equation (9) and the coefficient of e, viz., the long parenthesis contain- 
ing circular functions evaluated for 1 = A5°, } = 6 X 104, 7a ee 
2B/ = .026. Its value is slightly greater than 1. Hence we may 
write approximately but with much greater convenience 


Ag = X/e (11) 
and we thus obtain the breadth of the fringes for different values of the 
parameter e, roughly. It would, of course, be easy to compute the 


accurate value of 7. This equation placed in the above equations (3), 
(5), (6) gives in succession, 


pls CRP BN COS Best CORO ar (12) 
r € 
2h 2R 
A@ = — AgAa = — Aa (13) 
r € 
bR bR 


= = (14) 
2AN cost eAé 

so that the measurement of the long distance d depends ultimately on 

the area, 2bR, of the ray parallelogram, the differential thickness of 

paired glass plates, e, and the displacement A@ of the achromatic fringes. 
From equation (14) we obtain the sensitiveness by differentiation, or 


@e | 
6d = — 6 (AO 15 
aE (AQ) (15) 


Let the angle Aé or its variation be measured in a telescope of length L, 
and provided with an ocular micrometer, so that the angle A@ = x/L, x 
being the linear magnitude measured on this micrometer. Hence, 

in ane 
Re 
and if we introduce’ moderate estimates, d = kilometer = 10° cm, 
e= 107? cm!) b =" 200' am. ,R! = 10 (cmt) = "50 emy, 647 10a neue 
then 6d = 10 cm., or d should be measurable to 10 cm. at a kilometer, 
so far as the interferometer only is concerned. It may be noticed that 
in equations (11) to (14), e is variable and equal to \/Ag. If the plate 
halfsilvers traversed by the interfering beams are not equally thick 


6d 6x (16) 


GENETICS: HARRIS, BLAKESLEE AND KIRKPATRICK 565 


optic plate (or in general), a full compensation is secured by rotating 
the mirror nearest the telescope, provided it is the thinner of the pair. 
In such a case the system of mirrors will not be parallel, however, when 
the fringes are infinite in size (circles) and the zero position of the 
micrometer must be independently found, as one of the constants of 
the appare tus. 


1See these PROCEEDINGS, 3, June, 1917, 412, 432, 436. 
From a Report to the Carnegie Institution, of Washington, D. C. 


INTER-PERIODIC CORRELATION IN THE EGG PRODUCTION OF 
THE DOMESTIC FOWL 


‘By J. Arthur Harris, A. F. Blakeslee, and Wm. F. Kirkpatrick 


STATION FOR EXPERIMENTAL EVOLUTION, COLD SPRING HARBOR, N. Y., AND CONNECTICUT 
AGRICULTURAL COLLEGE, STORRS, CONN. 


Communicated by C. B. Davenport, July 13, 1917 


In no animal organism except man has the investigation of the inter- 
relationship of the various morphological and physiological charac- 
teristics of the individual by means of the modern methods of statistical 
analysis applied to large masses of quantitatively recorded observations 
been carried out on a more extensive scale than in the domestic fowl, 
to which Pearl and Surface, and others associated with them, have 
devoted their attention for a number of years. 

Notwithstanding the many problems dealt with in this series of 
investigations, our knowledge of the interrelationships of characters 
of economic importance in this organism is still far from complete. 
Data from breeds different from those used by Pearl and Surface are 
particularly needed for purposes of comparison. 

In an earlier paper! we discussed the correlation between the concen- 
tration of yellow pigment in the somatic tissues and egg production 
in the White Leghorn fowl. In the present investigation we have 
considered the correlations between the egg production of various 
periods. 

The intensity of the correlation between the number of eggs laid in 
the several individual months and the total egg production of the year 
as a whole is shown by the solid dots in figure 1. A curve in excellent 
agreement was found for the previous year. 

Economically these coefficients are of the greatest importance since 
they make possible the selection of groups of birds of high annual egg 
production from the trap nest records of individual months. Biologi- 
cally they are in some degree spurious because of the fact that the cor- 


566 GENETICS: HARRIS, BLAKESLEE AND KIRKPATRICK 


relation is determined in each instance between the yield of an indi- 
vidual month and the yield of the entire year, which is made up of the 
yields of all the individual months. If the source of the partial spurious- 
ness of these constants be removed by correlating between the records 
of the individual months and the total production of the remaining 
eleven months of the year, a better biological measure of the inter- 
dependence of egg laying activity in two periods is. obtained. These 
are the results represented by the position of the circles on the ordi- 
nates for the individual months in figure 1. There is, as shown by the 
shaded area, a material reduction from twelve to eleven months by 
excluding the month used as the first variable in determining the 
correlation. 


1914-1915 
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The correlation between the production of single months and the 
production of the remaining eleven months of the year has, however, 
in every instance a substantial value. The coefficients range from 
0.295 to 0.567 in the several months of 1913-1914 and from 0.240 to 
0.567 in 1914-1915. The average reduction from the corresponding 
coefficients for 12 month periods is 20.45% in each year. Thus one 
must conclude that the birds are permanently, at least during the 
period of the first egg laying year, differentiated in respect of capacity 
for egg production. 

The magnitude of the correlation coefficients measures on the uni- 
versally applicable scale of —1 to +1 the closeness of interdependence 
of the egg production of the two periods. For purposes of prediction 
the correlation coefficients may be thrown into the form of linear - 
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regression equations, which have been found to give reasonably good 
fits to the empirical means for the annual egg records of birds laying 
various numbers of eggs in the individual months. ‘The slope of the 
lines when plotted shows there is an increase of from 2.6 to 5 eggs in 
mean annual production associated with a variation of one egg in 
monthly record. Since in practical selection groups of birds differing 
by far more than a single egg may be recognized, the difference in an- 
nual production secured by selecting in any month may be of very 
practical importance, amounting to from 30 to 60 eggs per year. 


lI 


NOVEMBER -—————_ 
JANUAR 
OCTOBER 


FEBRUARY 
AUGUST 
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DECEMBER 


While the correlation between the monthly egg record and the total 
annual production of the bird is the measure of the greatest practical 
value, forming as it does the basis for the prediction of average annual 
production from the observed performance of a limited period, neither 
it, nor the biologically more satisfactory correlation between monthly 
record and the production of the remaining eleven months, gives all 
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the information which the physiologist desires. A special coefficient 
due to Pearson and Harris? shows the correlation between the annual 
total and the deviation of the monthly record from the value which it 
should have if variation in monthly production were directly propor- 
tional to variation in the annual production. Figure 2 gives the results 
for 1914-1915— those for the preceding year being similar. 

The coefficients show that in both years the winter months Novem- 
ber, December, January and February and the following autumn ~ 
months, September and October, show an increase over their theoretical 
quota of eggs when the annual egg production rises above the normal. 
The spring and summer months, March, April, May, June and July, 
show a lower relative contribution to the annual total than is theoreti- 
cally to be expected when this total varies in the direction of an increase 
above the mean annual egg production of the flock as a whole. Thus 
in the diagram the coefficients in both years increase from November 
to December or January, then drop to the first negative value of the 
year in March and reach their numerically negative largest value in April, 
after which they rise and become positive in sign but numerically very 
low in August and attain their maximum positive value in October. 

A knowledge of the correlation between the egg records of the indi- 
vidual months is essential to a full understanding of the physiology of 
egg production in the fowl. We have worked out sets of correlations, 
110 coefficients in all, for the production of five of the individual months 
and the production of each of the other months of the contest year. 

The months selected are November of the pullet year and the follow- 
ing October and three intervening months, January, April and August. 

The fact that these 110 coefficients are without exception positive 
in sign seems to us a‘result of very material biological significance. It 
indicates that if abnormally high laying at one period tends, as the 
result of nutritional or other physiological factors, to result in abnor- 
mally low production during a subsequent period, the reduction is not 
sufficient to outweigh the influence of the initial differentiation of the 
birds in their capacity for egg production suggested above. 

Two laws are evident in these inter-mensual correlations. These 
are to some degree mutually obscurant and must be considered in 
their mutual relations, but for the sake of simplicity may be stated 
categorically. 

1. The correlation between the egg production of the individual 
months tends to become smaller as the records upon which the correla- 
tions are based become more widely separated in time. 

2. There is a more intimate correlation between the egg production 
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of the autumn and winter months at the beginning and end of the con- 
test year than between the egg production of these months and the 
productions of the intervening spring and summer months. 

The relationship between the intensity of correlation and the degree 
of separation of the periods of egg production compared is best illus- 
trated by the results for April and the five preceding and the six follow- 
‘ing months. The magnitude of the constants decreases with fair 
regularity from March to the preceding November and from May to 
the following October. 

The second law is best exemplified by the coefficients measuring 
the relationship between November or October production and the 
record of the other months. , Note that in the biological year of this 
investigation these months do not fall in the same but in different 
calendar years. 

The results are to appear in detail in Genetics.’ 


1 Harris, Blakeslee, Warner, and Kirkpatrick, Genetics, Cambridge, 2, 1917, (36-77). 
Also these PRocEEDINGS, 3, 1917, (237-241). 

2 Harris, Biometrika, Cambridge, 6, 1909, (438-443). 

3A treatment of the relationships between part of the year’s yield and the output for 
the entire year is in preparation by Mr. L. E. Card for a Bulletin of the Storrs Experi- 
ment Station. 


TWO LAWS GOVERNING THE IONIZATION OF STRONG ELECTRO- 
LYTES IN DILUTE SOLUTIONS AND A NEW RULE FOR DE- 
TERMINING EQUIVALENT CONDUCTANCE AT INFINITE DILU- 
TION DERIVED FROM CONDUCTIVITY MEASUREMENTS WITH 
EXTREMELY DILUTED SOLUTIONS OF POTASSIUM CHLORITE 


By Edward W. Washburn 


DEPARTMENT OF CHEMISTRY, UNIVERSITY OF ILLINOIS 
Communicated by A. A. Noyes, August 4, 1917 


Any theoretical interpretation, in terms of the Ionic Theory, of the 
properties and behavior of any solution containing electrolytes involves 
as one of its essential factors a knowledge of the degrees of ionization of 
the electrolytes present in the solution. The most reliable method of 
determining the degree of ionization, ac, of a uni-univalent electrolyte at 
the concentration Cis by means of the relationship, v¢ = Ao/Ac, where 
Ac is its equivalent conductance (corrected if necessary for viscosity 
effects) at the concentration C, and A» is its equivalent conductance 
at zero concentration. 

The value of Ao is usually obtained by extrapolating to zero con- 
centration, some empirical function which is found to represent more 
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or less satisfactorily the observed relation between A and C over at 
least the lower portions of the concentration range. The lowest con- 
centration to which any observer has hitherto found it practicable to 
push accurate conductivity measurements is 0.0001 normal. (Meas- 
urements by Kohlrausch!). This limitation of the concentration range 
open to measurement is due to the magnitude of the ‘water correction’ 
in the very dilute solutions, and to the uncertainty involved in applying 
it. Conductivity water which is approximately stable in contact with 
the atmosphere has a specific conductance of the order of magnitude 
of 1.10-° reciprocal ohms, due to the impurities (chiefly CO2) which it 
dissolves from the air. The ‘water correction’ which must therefore 
be applied to the measured value of the conductivity of a dilute salt 
solution may amount at 0.0001 normal to as much as 10%, at 0.00001 
normal to as much as 100%, and at 0.000001 normal to as much as 
1000% of the conductivity of the salt itself. And, aside from the 
magnitude of the correction the proper method of applying it is ren- 
‘dered uncertain owing to our lack of knowledge of the exact nature 
and amounts of the impurities present in the conductivity water, as 
well as to lack of sufficient constancy in the value of the conductivity 
of the water during the time which is required to prepare and measure 
the conductivity of the salt solution. 

The Ao values in use at present have, consequently, been obtained by 
extrapolation from conductivity data which in the most favorable 
cases do not extend below 0.0001 normal and which in most cases stop 
at 0.001 normal. The values of Ao selected by different observers 
using the same conductivity data are, therefore, almost as numerous 
as the different functions which have been proposed for representing 
the data over the range open to measurement, ranging, for example, 
in the case of KCl at 18° from Ay = 128.3 (Kraus and Bray?), and 
Ay = 128.5 (Wegscheider®) to Ay = 130.0 (Kohlrausch; Noyes and 
Falk*). Now unless the Ao value for a salt can be determined with a 
certainty of at least 0.01 to 0.02% we cannot hope to obtain any infor- 
mation concerning questions which involve a knowledge of the concen- 
tration of the un-ionized molecules of strong electrolytes in dilute 
solutions, such questions, for example, as the behavior of strong elec- 
trolytes with respect to the requirements of the Mass-Action Law. | 

About eight years ago the writer became convinced that the only 
possible way of securing an answer to these much discussed questions 
was to obtain accurate conductivity data in the range of concentra- 
tions below 0.0001 normal, and that, in spite of the great difficulties 
which such an investigation presented, the questions at stake were of 


e 
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sufficient importance to make the attempt worth while. Accordingly, 
with the aid of a grant from the Bache Fund of the National Academy, 
the investigation was begun in 1911. 

The first part of the problem consisted in developing and perfecting 
the Kohlrausch method for measuring the conductance of electrolytes 
so that an accuracy of better than 0.01% could be obtained in measur- 
ing the conductance of very pure water and of these very dilute solu- 
tions. With the valued assistance of Dr. J. E. Bell and Mr. Karr 
Parker this part of the problem was successfully solved, and the results 
have already been published.’ 


cA— 


FIG. 1 


The second part of the problem resolved itself into the preparation 
of large quantities of conductivity water whi'ch should be practically 
chemically pure, and the preservation of the purity of this water during 
the operations of preparing and measuring the conductivity of the solu- 
tions. This was successfully accomplished by means of a large quartz 
still connected to a three-liter quartz conductivity cell provided with 
platinum electrodes sealed into quartz tubes, the distillation being 
carried out in a current of carefully purified air. In this way three 
liters of conductivity water having a specific conductance at 18° of 
only 0.05 < 10—* reciprocal ohms could be obtained and preserved in 
the conductivity cell for at least 12 hours without any appreciable 
increase in its specific conductance. The solutions were made up by 
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dropping into this cell small individual crystals of potassium chloride 
weighed out on an assay balance. In this way the conductivity data 
were carried down to 0.00002 normal. 

The values obtained are shown in figure 1 (A, CA curve), which is 
taken from the thesis of Dr. H. J. Weiland,* to whose careful work the 
final success of the investigation has been largely due. In this figure 
are represented four independent series of experiments, through which 
the best representative curve is drawn. The small crosses show the 
values found by Kohlrausch and Maltby. 3 

In order to determine the value of Ao, and also the limiting value, 
Ko, of the mass-action expression as the concentration approached zero, 
it is necessary to extrapolate from 0.00002 normal. Of the various 
methods which have been employed for extrapolating conductivity 
data, those of Kohlrausch! and of Noyes,’ as well as all others which 
are based upon the assumption that the electrolyte does not obey the 
Mass-Action Law within any concentration range must, it seems to the 
writer, be rejected because the known behavior of such electrolytes is 
entirely in harmony with obedience to the Mass-Action Law in suffi- 
ciently dilute solutions. Functions of the form 


ae’ Ace 


A h 
se cree cae ea ae) b tek 
1—a Ao(Ao — A) Kr Reo ay (c ) 


Ao 

which have been proposed and employed by Kraus and Bray? must also 
be rejected, because, although in form they reduce to the Mass-Action 
Law when C = 0, they cannot as a matter of fact be made to represent 
the conductivity data in dilute solutions, being nothing more than 
empirical interpolation equations which will express approximately 
(0.1%) the variation of conductivity with concentration between 0.001 
and 2 normal. The recent function proposed by Bates,’ log Kz; = 


/ AN 
log K,+k’ (c we ) expresses very accurately the conductivity data for 
0 


potassium chloride between 0.0001 normal (the lowest concentration 
reached by Kohlrausch) and 1 normal, but it also cannot be made to 
express the conductivity data below 0.0001 normal. Both the Kraus 
equation and the Bates equation fulfil the condition of obedience to the 
Mass-Action Law whenC = 0, but they both impose upon the electrolyte 
an arbitrary method of approach to the condition of constancy required 
by the Mass-Action Law. The two methods of approach are both radi- 
cally different and both wrong, since neither form of function can be 
fitted to the data in the most dilute solutions. In fact, any method of 
extrapolation which imposes an arbitrary a priori determined path by 


CHEMISTRY: E. W. WASHBURN 573 


which the values of K, shall approach constancy must obviously be 
rejected if we expect to obtain reliable values for Ay and Ko. 

In order to avoid the errors involved in what may be called the ‘arbi- 
trary function’ method of extrapolating, and also in order to avoid the 
uncertainties involved in attempting a direct graphical extrapolation, 
the following method was devised. It rests only upon the following 
two assumptions: (1) That as C decreases, the value of the mass-action 
expression K, also decreases and gradually approaches a constant, 


: 3 
Cx 10*—_____5 
FIG. 2 


Ko, at extreme dilutions; and (2) that when the value of K, once begins 
to approach a constant value, it will not thereafter, that is in more 
dilute solutions, exhibit any erratic behavior such as a rapid rise as the 
concentration decreases, or a sudden fall under the same conditions. 
In other words, it is assumed that those influences which-cause a strong 
electrolyte to deviate from the Mass-Action Law gradually and steadily 
become smaller and smaller and finally disappear at high dilutions. 
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The method consists simply in plotting values of K,,, the mass-action 
expression, against values of the concentration, employing different 
assumed values of Ay and rejecting such values of Ay as cause the curve 
in dilute solutions to exhibit sudden changes in direction. In this way 
it is found that, if too small a value is employed for Ao, the curve will 
eventually shoot upward; while, if too large a value is employed, it will 
turn downward in the lower concentration ranges. By employing this 
method it is possible to determine the value of Ay with a certainty of 
0.01%, provided the conductance data themselves are as accurate as 
this and extend at least as low as 0.00002 normal. 


Ke x |O° 
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FIG. 3 


This will become evident from an examination of figure 2, which has 
been constructed from conductance values which are substantially 
those represented by the curve in figure 1. It is also evident from this 
figure that the value of Ao for potassium chloride at 18° is 129.64 =0.02, 
and that the value of Ko is 0.020 +0.001. 

Figure 3 illustrates the behavior of potassium chloride with respect 
to the requirements of the Mass-Action Law and shows that this law is 
obeyed within the experimental error in the concentration range 0 to 
0.0006 normal. The different series of points represent independent 
sets of measurements. ‘Those indicated by the dotted circles represent 


CHEMISTRY: E. W. WASHBURN 575 


a rejected series. ‘The two bounding curves above and below the heavy 
curve represent the shift in the position of this ‘best’ curve which would 
be produced by a total error of 0.02%; for instance, an error of 0.01% 
in the concentration in combination with an error of 0.005° in the 
temperature of the solution. Since most of the observed points fall 
within the limits set by these two curves, it is evident that the agree- 
ment among them is even better than could be expected, considering all 
of the difficulties and chances of error involved in the work. A detailed 
account of Dr. Weiland’s work will be published later. 


With the aid of the conductivity data for potassium chloride presented 
above, it becomes possible to establish two general laws with respect to 
the behavior of strong electrolytes in dilute solutions. These laws may 
be stated as follows: 

1. In sufficiently dilute solution (i.e., for all practical purposes below 
0.0001 normal) all uni-univalent salts of strong acids and bases obey the 
Mass-Action Law, and all of them have the same ionization constant. 

2. In sufficiently dilute solutions the values of the mass-action 
expression for all such salts are identical, the identity persisting up to 
higher concentrations the more nearly the salts under comparison 
resemble each other, and in any case persisting within the experimental 
error up to 0.0002 normal for all salts which have been accurately 
measured at these concentrations. In the case of two salts, such as 
potassium chloride and potassium bromide, for example, which resemble 
each other very closely, this identity persists up as high as 0.005 normal. 

With the aid of the second of these laws it is now possible to derive 
a general rule by means of which the Ao value for any uni-univalent 
salt can be accurately obtained from the value of the equivalent con- 
ductance of that salt at a single concentration, say 0.0001 normal. 
This rule is deduced as follows: 

The second law stated above is expressed mathematically by the 
equation, 

ARC 
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where the value for K,is independent of the nature of the’ salt, 
and can therefore be read off from the curve in figure 3 (or pref- 
erably from a similar curve for a salt resembling as closely as pos- 
sible the one under examination). Solving this expression we find 


C%. 
(with sufficient accuracy), Ao = Ac (1 a =), an expression by means 
E 
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of which the value of Ao for any salt can be calculated from a single 
value of Ac for that salt. A convenient value of C to employ generally 
for this purpose is 0.0001, and for this concentration the above ex- 
pression becomes Ap = 1.00476 Ao.oo01 for all uni-univalent salts of strong 
acids and bases. 

The reason why strong acids and bases themselves, as well as salts 
of weak acids and bases, are not included in the scope of the laws as 
formulated above, is not because there is any reason to suppose that 
these substances form exceptions to the laws, but merely because there 
are no reliable data available for testing the laws in any of these cases, 
nor can such data be secured except by employing extremely pure water, 
such as that described above. 

The new rule for calculating Ao has been tested at concentrations 
0.0001 and 0.0002 in the case of all salts for which there are reliable 
data available, and in every instance the rule applied to both con- 
centrations is found to give within the experimental error the same Ay 
value. As an illustration of this, the data for a few of the salts whose 
conductivities are most accurately known are shown in the accompany- 
ing table. A general revision of Ao values and ionic conductances on 
the basis of the above laws will be published later. 


TABLE 
ILLUSTRATING THE CALCULATION OF Ag VALUES FOR TYPICAL UNI-UNIVALENT SALTS BY MEANS 
OG; 
OF THE GENERAL RELATION, Ap = Ao ( -- Kz , AND DEMONSTRATING THE IDENTITY OF THE 


Kr VALUES OF ALL SucH SALts up TOC = 0.0002. [MEASUREMENTS BY KOHLRAUSCH AND 
Matrtsy,! CoRRECTED (+ 0.02%) FoR METATHESIS BUT NoT FOR ATOMIC WEIGHTS. | 


CX 104 NaCL KNOs LiCl LiNOs 


EQUIVALENTS PER 
LITER 


Ac Ao Ac Ao Ac Ao Ac Ao 
| 108 .20]108. 72 125.48/126.09 98.17 |98.63 94.48 194.92 
1.037 108 .11]108.63 125.54/126.15 98.11 |98.57 94.44 |94.88 
108 .04)108 . 57 


Kr = 0.0212 | Mean /|108.64 .05|Mean |126.12= .03/Mean /|98.60= .03\Mean |94.90= .02 


107 .83]108 .65 125.16|126.11 97.85 |98.58 94.16 |94.90 
107. 82108 . 64 125.22|126.17 97.86 |98.59 94.14 |94.88 
107 .82|108 . 64 


ee) 


2.053 


Kr=0.0268 | Mean |108.64=+ .01;/Mean |126. 14 .03/Mean |98.59= .01|/Mean |94.89= .01 
| 


0.5212 
108 .41)108 . 69 


—~— 


Kr= 0.02017 | 
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ON THE GROWTH AND FECUNDITY OF ALCOHOLIZED RATS 
By E. C. MacDowell and E. M. Vicari 


STATION FOR EXPERIMENTAL EVOLUTION, COLD SPRING HARBOR, N. Y. 
Communicated by C. B. Davenport, August 16, 1917 


In the course of an experiment conducted primarily for a different 
purpose, we have obtained data upon the effect of large doses of in- 
haled alcohol on the growth and fecundity of a series of albino rats. 
From the time of weaning (28 days) the alcohol was administered daily. 
Except for the first few weeks when the doses were lighter, the rats 
were left in the inhalation tanks till they could no longer stand upon 
their feet and could move but very feebly, if at all. The purpose was 
to give as heavy a dose as possible without killing the animal. This 
took different times for different rats, and the time required on different 
days varied according to the intensity of the alcohol vapor in the tanks. 
No data were recorded as to the time required to regain normal activity, 
but it may be said in general that this was roughly a matter of three 
to four hours. | 

For each rat alcoholized, a normal control from the same litter and 
of the same sex was raised. These controls were kept in companion 
cages adjacent to their corresponding alcoholic sibs. Except for the 
alcohol treatment, all the rats were given the same care and attention. 

Weekly weighings were made of all the rats and individual growth 
curves were plotted. From these curves the weights at the ages given 
in the standard growth curves of Donaldson were estimated. In mak- 
ing these estimations, allowances were made for temporary losses in 
weight due to food conditions or minor illnesses; in doing this the whole 
curve of the individual was considered as well as the curves of its sibs 
and the standard Wistar curves. The weights so obtained were aver- 
aged for the two groups of rats, and these averages plotted in figure 1. 
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The weights given for the first point (30 days) are mainly approxima- 
tions, as the first weighings of many of the rats were not taken till 
after this time. For this reason the weights at 40 days have been given. 
It will be noted that the averages of both sets of rats for 90 days are a 
little low. This lowering is unquestionably the result of a reduced 
diet that was given to all the rats in connection with a series of behavior 
experiments. 

The divergence shown between the two curves is sufficiently clear 
to make it impossible to question the conclusion that the alcoholics 


AVERAGE 

WEIGHT 
IN 

GRAMS 


NORMALS 


ISTAR 
NORMALS 


AGE IN DAYS 


FIG. 1 


have suffered a loss in weight as a result of the treatment with alcohol. 
The amount of this loss as shown in the curves is very close to 20% 
of the normal weight at 182 days. The light line in the figure was 
plotted from the averages given by H. H. Donaldson, The Rai, 
(Philadelphia, 1915), page 113, table 67. As all the rats here described 
were bred from the Wistar standard stock, the higher averages of these 
normals appear to indicate that the food and environmental conditions 
have been especially favorable. It follows from this that the lowering 
of the weights of the alcoholic rats is not partly due to unfavorable 
conditions. 
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In this report the males alone have been considered. As the corre- 
sponding females were used for breeding, the frequent pregnancies 
rendered it extremely difficult to estimate the normal weights at the 
specified ages. Moreover, the females are less satisfactory for this 
study since during the times they were nursing their young the alcohol 
treatment was suspended, although during pregnancy up to the time 
for the young to be born, they did receive the alcohol. 

The reduction in the number of young born to alcoholic parents is 
even more striking than the loss in weight. The figures in table 2 show 
that, while 29 pairs of normal rats produced 300 young, 30 pairs of 
alcoholic rats produced in the same time 108 young. The summaries 
for the four lines all show a similar decrease in fecundity of the alcoholics 
as compared with the normals as is shown in the grand total. 

The discussion and a more critical analysis of these results will be 
reserved for an extended account at a later date. 


TABLE 1 


AVERAGE WEIGHTS (IN GRAMS) OF ALCOHOLIZED MALE Rats COMPARED WITH THEIR 
NorMAL BROTHERS 


/ 


ALCOHOLICS NORMALS 
DIFFERENCES IN 
Sac Number of Average body Number of Average body ena ener 
individuals weight individuals weight 
grams grams 
30 Dy. 46.2 22 45.4 0.8 
40 27 70.5 22 74.5 4.0 
60 Dik leiGe 22 128.7 12.6 
90 26 142.3 22 174.9 S240 
120 22 1925 21 239 .8 47.3 
Lope 16 211s % 18 267.0 30.3 
182 10 DA 13 285 .0 5729 
TABLE 2 


FECUNDITY RECORDS OF ALCOHOLIC RATS COMPARED WITH NORMAL Rats; MATINGS OF 
ALCOHOLICS AND THE CORRESPONDING NORMALS MADE ON THE SAME Day, AND THE 
RECORD OF BirTHS TAKEN DuRING EQUAL PERIODS 


NUMBER OF PAIRS NUMBER OF YOUNG BORN 
GROUP 
Alcoholics Nermals Alcoholics Normals 
ES eGo OU ROR 10 10 23 75 
1 Be, RSE SEPP a Ce a ae 4 3 13 Sil 
(CoE RRS eee rarer ear ff 8 30 81 
JRC EE cect acto 9 8 42 113 
otal. ooh a2 30 29 108 300 
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NATIONAL RESEARCH COUNCIL 


MINUTES OF THE MEETING OF THE NATIONAL RESEARCH COUNCIL HELD ON 
THURSDAY, APRIL 19, 1917, IN ROOMS 42 AND 43 OF THE UNITED 
STATES NATIONAL MUSEUM, WASHINGTON, D. C. 


The Chairman of the Council, Dr. George E. Hale, presided and called the 
meeting to order at 10.15 am. The following members were present: Dr. 
Alsberg, Dr. Baekeland, Dr. Bogert, Dr. Carty, Dr. Clarke, Dr. Conklin, 
Dr. Coulter, Dr. Davis, Dr. Day, Mr. Dunn, Admiral Earle, Mr. Freeman, 
General Gorgas, Dr. Hale, Dr. Holmes, Dr. Keen, Mr. Manning, Dr. Millikan, 
Dr. Moore, Dr. Noyes, Dr. Pupin, Mr. Skinner, General Squier, Dr. Stratton, 
Mr. Swasey, Chief Constructor Taylor, Dr. A. E. Taylor, Dr. Vaughan, 
Dr. Walcott, Prof. Webster, Dr. Welch, Dr. Whitney, Professor Wood, Dr. 
Yerkes; and the Secretary, Cary T. Hutchinson. . 

The minutes of the organization meeting of the Council held in September, 
1916, and of meetings of the Executive Committee held since then, were 
presented by the Secretary, and upon motion were adopted as printed in the 
PROCEEDING OF THE NATIONAL ACADEMY OF SCIENCES. 

The Chairman stated that the main purpose of the present meeting was to 
offer an opportunity for a discussion and determination of methods for ad- 
vancing the work of the Council as affected by actual war conditions. He 
spoke particularly in this connection of the work of the Foreign Service 
Committee of the Council. 

The Chairman referred to the material assistance furnished to the Council 
by the Engineering Foundation, and to the need for additional donations 
with which to continue its work. 

Dr. Stratton as Secretary of the Military Committee, presented a report 
for that Committee laying emphasis upon the customary mode of procedure 
in selecting and detailing a scientist, or a group of scientists, to work upon 
definitely specified problems in direct co-operation with representatives of the 
War Department and the Navy Department of the Government. 

Discussion took place with reference to the desirability of publication of 
lists of problems for distribution among men of science. 

The Chairman mentioned the appointment of Dr. Millikanas Vice-Chairman | 
and Executive Officer of the Council, and the presence in Washington of the 
chairmen of many important committees. 

Modes of procedure to be adopted in organizing the Washington Office 
of the Council, and in bringing about the necessary co-operation between 
committees were discussed, and the need was emphasized for the publication 
of statements concerning the activities of the Council, particularly for the 
use of members of the Council and of Chairmen of Committees. 

Discussion also took place concerning the availability of men for special 
work, and concerning methods to be used in designating them forsuch work. 
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The Chairman, in the absence of Professor Chittenden, submitted a report 
of progress for the Committee on Research in Educational Institutions. 

Dr. Millikan spoke of the work of his office and of his efforts to bring about 
co-ordination in the solution cf specific problems. 

Dr. Coulter spoke of the activities of the Botany Committee, this leading 
to a discussion of co-operative measures necessary in dealing with the subject 
of botanical raw materials. 

Dr. Carty outlined plans for the work of the Committee on Industrial 
Research. 

Dr. Noyes submitted statements concerning the existing conditions of the 
nitrate problem with particular reference to its association with agricultural 
work. He reported that the Committee of the Council on this subject as 
recommended in its report to the Secretary of War has been superseded by 
an official Government committee. 

In the absence of Dr. Stratton, the Chairman reported progress for the 
Committee on Census of Research. 

Dr. Bogert, Chairman of the Chemistry Committee, discussed general 
questions of organization and spoke of the close co-operation obtained in the 
work of his Committee between laboratories of individuals, universities, manu- 
facturers, and the Government. 

The Chairman, in the absence of Professor Pickering, reported upon the 
work of the Astronomy Committee. 

Dr. Vaughan submitted a detailed report for the Committee on Medicine 
and Hygiene, calling attention to suggestions regarding problems, and to the 
advisability of appointment of special committees to consider these problems. 

In the absence of Dr. Cannon, the Chairman reported progress for the 
Physiology Committee. 

Dr. Davis, Chairman of the Geography Committee, reported upon the 
immediate need for increasing the preparation of topographic maps, for the 
publication of aero maps, and for the preparation of military hand books for 
various parts of the United States and for Central Europe. He also expressed 
the hope that the next census of the United States would provide for a physi- 
ographic division of the country. 

Dr. Clarke, Chairman of the Geology comes outlined problems re- 
lating to military affairs and suggested means of co-operation on this subject. 

Dr. Holmes, Chairman of the Anthropology Committee, read a report and 
stated that the activities of his Committee at present relate to questions con- 
cerning recruits and methods of examination, and also to statistics arising 
therefrom. 

Mr. Dunn, Chairman of the Enginering Committee, spoke of the formation 
of this Committee, and of its co-operation with the national engineering 
societies. 

Dr. Moore, Chairman of the Mathematics Committee, reported that the 
Committee is in a position to consider and aid in the solution of any problems 
of a mathematical nature which may be submitted by the Government. 
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Dr. Yerkes, Chairman of the Psychology Committee, emphasized the need 
of psychological studies of recruits, and mentioned the far-reaching significance 
of such studies in the selection of men for special purposes. 

The meeting adjourned at 1.50 p.m. 

* Cary T. HuTcHINSON, 
Secretary. 
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MEETINGS OF THE EXECUTIVE COMMITTEE 


The twenty-fourth meeting cf the Executive Committee convened in the 
offices of the Council in the Munsey Building, Washington, D. C., on July 
12, 1917, and was called to order at 9.30 a.m. by the Chairman of the Counci . 

Messrs. Bogert, Hale, Millikan, Pupin, and Stratton were present and, 
by invitation, Messrs. Durand and Mendenhall. 

The Chairman reported: 


1. That the Director of the Council of National Defense has requested the National 
“Research Council to submit to him regular monthly reports of its activities, and that in order 
to comply therewith the Chairmen of the Committees of the Research Council have been 
asked to forward reports periodically to the Washington office with regard to the nature, 
organization and progress of investigations, and the results of researches, inquiries, and con- 
ferences bearing upon the work of the Council. 
2. That Admiral William S. Benson and Dr. W. F. Durand have been appointed members 
of the Council by the President of the National Academy of Sciences. 


The Chairman read a letter from General Squier, dated July 2, requesting 
the Research Council to act as the advisory agent of the U. S. Signal Corps 
in the organization of its various scientific activities and in the soluticn of 
research problems and suggesting that Dr. Millikan apply for a Major’s 
Commission in the Officers’ Reserve Corps, for detail in charge of this work. 
Upon motion it was voted that this request be complied with. 

Before this formal arrangement was entered into with General Squier, 
upon his request that the Council recommend some one to take charge of the 
sound ranging work of the Army, Dr. Augustus Trowbridge of Princeton was 
designated. Upon motion the Executive Committee ratified this action. 

Dr. Millikan reported that General Squier had referred to the Council 
a cablegram from Colonel Russell of the American Expeditionary Force in 
France, asking that a research and inspection group be sent over to France 
at once. He also stated that Major Carty has designated Mr. E. H. Colpitts 
and Mr. H. E. Shreve for signal work in this connection. 

Dr. Durand reported cn the question of the development and prceduction 
of aeronautic instruments, and upon the need for a scientific advisor in this 
field. It was voted, upcn motion, that the National Research Council recom- 
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mend to General Squier the appointment of Dr. C. E. Mendenhall in charge 
of the design and development of all instruments used on airplanes. 

Dr. Millikan reported that on recommendation of the National Research 
Council the General Munitions Beard held a special meeting devoted to the 
problem of gas warfare, to which representatives of the Departments of the 
Government having any connection with the ubject were invited, as well as 
members of the Noxious Gases Committee of .he Council. Dr. Ames and 
Dr. Dakin of the Foreign Service Committee were also present; and the sub- 
ject under discussion was presented at leng h by M. Grignard of the French 
Scientific Mission. As a result of this meeting the Chairman of the General 
Munitions Board was authorized to appoint a special committee to make 
recommendations concerning a pro er or anization of gas warfare. Dr. 
Millikan has been appointed on this committee as a representative of the 
National Research Council. 

Upon recommendation of Dr. Bogert, as Chairman of the Chemistry 
Committee: 


The appointment of a Subcommittee on Synthetic Drugs with Professor Julius Stieglitz 
of the University of Chicago as Chairman, was approved. 

The appointment of Dr. Prevost Hubbard as Chairman of the Subcommittee on the Chem- 
istry of Cements and Related Building Materials, upon the resignation of Dr. A. S. Cush- 
man, who has entered the service of the War Department, was approved. 

The appointment of Dr. George H. A. Clowes and Professor J. U. Lloyd as members 
of the Subcommittee on the Chemistry of Glue and other Colloids was approved; also the 
appointment of Mr. David Wesson as Vice-Chairman of the Subcommittee on Fats, Fatty 
Oils, and Soaps. 


The Submarine Committee of the Naticnal Research Council with the 
following membership was approved: R. A. Millikan, Chairman; H. D. 
Arnold, W. F. Durand, Irving Langmuir, Frank B. Jewett, C. E. Menden- 
hall, Ernest Merritt. 

It was decided that the necessary travelling expenses of the group working 
at New London be borne by the Research Council, this being A. A. Michelson, 
Chairman; Ernest Merritt, Vice-Chairman; H. A. Bumstead, Max Mason, 
E. F. Nichols, G. W. Pierce, H. A. Wilson, and John Zeleny. 

The following appropriations were made: $300 to be expended under the 
authorization of the Vice-Chairman of the New London Committee for ex- 
penses in connection with submarine investigation; $670.62 for purchase of a 
portable house for use at the station; and $30 to Dr. H. A. Wilson for the 
purpose of making a condensing lens for sound rays. 

The appointment of a Botanical Raw Products Committee with the fol- 
lowing membership was approved: Edward M. East, Chairman; Oakes Ames, 
L. H. Dewey, Henry Kramer, George T. Moore, John E. Teeple, and addi- 
tional members to be appointed later. 

The organization of a Subcommittee on Forest Products of the Botany 
Committee was approved. The Chairman of the Council was authorized 
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in consultation with the Chairman of the Botany Committee to select the 
Chairman and members of this subcommittee. 

The appointment cf the Committee on Anthropolgy with the following 
membership was approved: W. H. Holmes, Chairman; Ales Hrdlicka, Secre- 
tary; Charles B. Davenport, Madison Grant, Frederick L. Hoffman, E. A. 
Hooton, George M. Kober, Tom A. Williams. A report of this committee 
was presented, a copy of which had been sent to the Secretary of War, its 
recommendations having also been presented to the General Medical Beard of 
the Council of National Defense. 

The meeting adjourned at 12.10. 


The twenty-fifth meeting of the Executive Committee convened in Room 
518 Munsey Building, Washington, D. C., on July 23, 1917, and was called 
to order at 9.35 a.m. by the Chairman of the Council. 

Messrs. Bogert, Conklin, Dunn, Hale, Millikan, Pearl, Pupin, and Strat- 
ton were present and, by invitation, Messrs. Durand and Mendenhall. 

The Chairman read a letter from Brigadier-General Crozier reporting that 
Col. E. B. Babbitt, a member of the Committee on Noxious Gases of the 
Council, had been appointed to other duty in the War Department, and that 
Capt. Earl J. W. Ragsdale had taken Colonel Babbitt’s place in the Bureau 
of Ordnance. Upon his recommendation therefore, Captain Ragsdale was 
substituted as a member of the Committe on Noxious Gases in place of Colonel 
Babbitt. 

Upon recommendation of Dr. Hale, the sum of $100 was appropriated for 
current and miscellaneous expenses of the Astronomy Committee. 

The Chairman stated that, after conference with the Chairman of the | 
Botany Committee, he wished to recommend the appointment of Dr. Irving 
W. Bailey of the Bussey Institution as Chairman of a Subcommittee on For- 
estry of the Botany Committee. Upon motion, this appointment was ac- 
cordingly made. 

The Chairman stated that need had arisen for funds to carry on work of 
experimentation in connection with the investigation of devices for the mag- 
netic detection of submarines now in progress by Dr. L. A. Bauer, Director 
of the Department of Terrestrial Magnetism of the Carnegie Institution of 
Washington. He also stated that this work had the approval of the Presi- 
dent of the Carnegie Institution of Washington. Upon motion, an appro- 
priation of $500, or as much thereof as may be needed, was made from the 
funds of the Council for the assistance desired in this connection. 

Dr. Hale reported that he had recently visited the work of the special 
committees of the council at Nahant, Massachusetts, and New London, 
Connecticut, outlining the nature of investigations carried on in each place. 
Upon motion, it was voted that an appropriation of $2,000, or as much thereof 
as may be needed, be made to defray the miscellaneous expenses incident to 
the work of the Committee at New London. 
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At 9.50 the Chairman announced that the meeting would resolve itself 
into a joint meeting of the Executive Committee and of the Military Com- 
mittee of the Council, to hear reports and recommendations of the members 
of the Foreign Service Committee who had returned from Europe. (A report 
of this conference will appear later.) 


The twenty-sixth meeting of the Executive Committee convened in the 
offices of the Council in the Munsey Building, Washington, D. C., on July 
31, 1917, and was called to order at 10.10 a.m. by the Chairman of the Council. 

Messrs. Hale, Noyes, Pearl, Stratton, Vaughan, and, by invitation, Dr. 
Durand, were present. 

The Chairman reported the recent death of Dr. William Bullock Clark, 
Chairman of the Subcommittee on Roads and Road Metals of the Geology 
Committee of the Council. 

The question of defraying the cost of publication of articles relative to the 
work of the National Research Council in the Proceedings of the National 
Academy of Sciences was discussed and, upon motion of Dr. Noyes, it was 
voted to appropriate from time to time such sums as may be necessary to 
pay the cost on a pro rata basis of space used, of publishing all such reports 
and articles. 

Upon recommendation of the Chairman of the Chemistry Committee, 
the following appointments were made to membership in Subcommittees 
of this Committee. 


° 


Sub-Committee on Biochemistry: Prof. FRANK P. UNDERHILL, Yale University, New Haven 
Conn.; Chairman, to replace Dr. A. E. Taylor, resigned. 

Sub-Committee on the Chemistry of Ceramics: Mr. A. V. BLEININGER, U. S. Bureau of 
Standards, Pittsburgh, Pa.; Mr. L. E. BarrincEr, General Electric Co., Schenectady, N. Y. 

Sub-Committee on the Chemistry of Leather: Mr. Fritz H. SMALL, 38 Berwick Street, 
Worcester, Mass.; Mr. Joon H. Yocum, 325 Academy Street, Newark, N. J.; Mr. H. C. 
REED, 227 Fulton Street, New York City. 

Sub-Committee on the Chemistry of Forest Products: Dr. C. P. WINSLOw, Forest Products 
Laboratory, Madison, Wis. 

Sub-Committee on the Chemistry of Dyestuffs: Mr. Wu. M. Grosvenor, 50 East 41st 
Street, New York City; Mr. L. DACosta Warp, 320 So. Broad Street, Philadelphia, Pa.; 
Mr. R. C. Huston, Michigan Agricultural College, East Lansing, Mich. 

Sub-Committee on the Chemistry of Fermentation: Dr. H. S. Parner, U. S. Dept. of Agri- 
culture, Washington, D. C.; Dr. Max Hentus, 1135 Fullerton Avenue, Chicago, II. 

Sub-Committee on Synthetic Drugs: Dr. W. A. PuCKNER, 535 North Dearborn Street, 
Chicago, IIl.; Prof. MosrEs GomBEerG, University of Michigan, Ann Arbor, Mich.; Prof. 
Rocrer Apams, University of Illinois, Urbana, Jl. 


Dr. Hale reported that he soon expects to return to California, and discus- 
sion took place thereupon relative to the conduct of affairs of the Council 
during his absence. It was voted that meetings of the Executive Committee 
of the Council he held hereafter about once a month, or at such times as busi- 
ness demands, and that notices of such meetings be sent in advance accom- 


panied by tentative orders of business. : 
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Council in questions of eciacudition and conduct of affairs -at ‘ia, Pat 
Office. Preliminary correspondence with the Commissioner of Patents | 
this subject was also read. After discussion, a special committee consis 


at a subsequent meeting of the Executive Committee relative to appropriate. : 
action which the Council may take in this matter. 

The meeting adjourned at noon. 

Subject to ratification at the next meeting of the Executive Committee, 
the Chairman subsequently appointed a special committee consisting of Dr, 
Millikan, Chairman, and Messrs. Bogert, Durand, Mendenhall, Stratton. 
and Vaughan, to meet once a week to consider questions relating to the con- 
duct of affairs of the Council in intervals between the a of the Exec- 
utive Committee. : 7 

Cary T. Hurcumson, Secretary. 
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ON THE GENERAL THEORY OF CURVED SURFACES AND 
RECTILINEAR CONGRUENCES 


By Gabriel M. Green 


DEPARTMENT OF MATHEMATICS, HARVARD UNIVERSITY 
k Communicated by W. F. Osgood, August 15, 1917 


During the past two or three years, I have presented several com- 
munications to the American Mathematical Society concerning the 
general theory of curved surfaces and rectilinear congruences. I have 
been unable to find the leisure to write out in full my results, and take 


_ in the hope that I may soon be in position to publish an extended 
treatment elsewhere. 

Let the non-developable surface S be referred to a non-conjugate 

parametric net (uw, v). Its equations in homogeneous coordinates may 

be taken in the form 3 


ye) = y&) (x4, v) Ceol 23,4), (1) 


where the determinant |yuo, yu, Yo, yl is nowhere zero, and the four 
functions y® will then be a fundamental system of solutions of a com- 
pletely integrable system of partia! differential equations? 


Yuu = 2 Yur + bu +o +d, | (2) 
Yo = @ Vuan aa b' Vu ar C'Vp ao ay: 


_ The coefficients in these equations are functions of «, » which satisfy 
~ certain conditions of complete integrability, which we shall not write 
out here. Suffice it to say that if the integrability conditions are iden- 
| - tically satisfied, any derivative of y is expressible, and in only one way, as 
_ alinear combination of yur, yu, Vo, Y, 


oP tty 


, ou? ov! 
Ny, 587 


= gidy + pedy 4 (Pda + g hy, (3) 


the present opportunity to gather together a few of the more important, 
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The two points defined by the equations 
Pin Se tien Vas nt CN A ° (4) 


where » and + are functions of u, v, lie on the tangents to the parametric 
curves. Let us denote by / the line joining p and c; we have thus asso- 
ciated with each point y of the surface a definite line / lying in the cor- 
responding tangent plane. The congruence of lines / we shall denote 
oy 

Again, if » and » are any functions of u, v, the point 


2° = Vue [Vara Vs (5) 


does not lie in the tangent plane to S at y, and the line /’ joining y and 
z therefore protrudes from the surface. The lines /’ constitute a con- 
gruence I’. . 

If, now, the functions » and » are the same in equations (4) and (5), 
the lines / and /’ are in a certain characteristic geometric relation, which 
may be described as follows: ‘The ruled surface R™ formed by the tan- 
gents to the curves v = constant along a fixed curve uw = constant is 
skew, since the parametric net is non-conjugate. This ruled surface 
is touched, in the point p defined by (4), by the plane determined by 
the line 7’ and the tangent y yu. Similarly the point o is the point in 
which the plane determined by /’ and the other parametric tangent 
y y is tangent to the ruled surface R® formed by the tangents to the 
curves “ = constant along a fixed curve v = constant. ‘The line / is 
therefore determined uniquely by the line /’, and, conversely, if the line 
1 is given, or in other words the points p and o, the line l’ is defined as 
the line of intersection of the tangent planes to the ruled surfaces R™ 
and R® constructed at the points p and c. The relation between the 
lines / and /’, or between the congruences I and I”, is a reciprocal one, 
which for want of a better name I shall call the relation R. It is deter- 
mined of course by the particular parametric net to which the surface 
is referred. 

The developables of the congruence I’ cut the surface S in a net of 
curves whose differential equation is 


(OP Cui yeaah van iy) | aa? 
+ {602 —cly—y, +» (a0 —a’y— p) — [6% — by —py t+ (a — apn —y)] } dudv 
—{b02) — b’y—p, + yu (a2) —a'v—-)| dv? = 0. 


(6) 


The quantities with double upper indices are coefficients of equations 
of the form (3). Likewise, the developables of the congruence I corre- 
spond to a net of curves on S defined by the differential equation 
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[d—v, + (b—v) v+cuta(u,+ mr) | du? 
+ fa’ [d—v,+ (b-—»)v+ cu] —a[d’—p,+b'v+ plc’ —4)|+u,—%| dudv (7) 
—[d’—p,t+b’vt+yu(c’—p) +a’ (v, + pv) | do? = 0. 


The consideration of these developables, together with the focal points 
of the lines / and J’, leads to many theorems which are generalizations 
of known theorems concerning conjugate nets. The point-conjugate 
of the surface S with respect to I’, ie., the surface generated by the 
harmonic conjugate of y with respect to the focal points of J’, plays an 
important part in the discussion. 

Of more immediate interest is the case in which the parametric net 
consists of the asymptotic curves of S. The differential equations of 
the surface may then be written? 


Vuu + 2by,+ fy = 9, V+ 20’y,+ gy = 0, (8) 


and the differential equations defining the developables of the con- 
gruences I” and [I respectively 


[f+ +, —2bu + 2b,| du? + (», — py) dudv 
—[g+ w+ uw, — 2a’v + 2a2,] dv? = 0, 


[ft e+ v, + 2du] du? + (v, — u,) dudv 
—[gtwt+u,t+ 2a'v| dv? = 0. 


(9) 


(10) 


Especially interesting in this connection are the directrix con- 
gruences defined by Wilczynski. These are in the relation R, since 
the directrix of the first kind is the line joining the points 


ay 
SE arg) Si ge tee) 5 (11) 


and the directrix of the second kind is the line joining the point y with 
the point 

Bis MG 
«i e 


pe ae Vo di2) 


The following new geometric characterization of the directrix congru- 
ences may be given: two congruences T and I’ which are in the relation 
R to the asymptotics of a surface S, are the directrix congruences of S if 
and only 1f their developables correspond to the same net on S. 

A number of propositions, which Wilczynski has proved for the direc- 


trix congruences, subsist also for any congruences I and I” in the rela- 
tion RK with respect to the asymptotic net of the surface. 
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In the general case, i.e., when the parametric net is not necessarily 
asymptotic, the developables of the congruence I correspond to a con- 
jugate net on S if and only if wz— » =0. Borrowing a locution of 
Guichard’s, used by him in a quite different connection, I shall say that 
a congruence I is harmonic to a surface S if its developables correspond 
to a conjugate net on S. If a congruence T 1s harmonic to a surface S, 
or if its developables correspond to the asymptotic curves of S, and then a 
line lof T 1s met in tts focal points by the tangents to the curves correspond- 
ing to the developables of T, and conversely. ‘This theorem is a general- 
ization of a corresponding theorem for the case in which the parametric 
net is conjugate and the congruence I is the ray congruence, i.e., the 
congruence of lines joining the first and minus first Laplace trans- 
forms of the parametric conjugate net. The theorem affords a new geo- 
metric characterization of conjugate nets with equal Laplace-Darboux 
invariants.* 

A geometric characterization of isothermal nets may be given in 
terms of the relation KR. Let the surface be referred to an orthogonal 
net, and let the congruence I” consist of the normals to the surface. 
Then the parametric net is isothermal if and only if the developables 
of the related congruence I correspond to a conjugate net on S. This 
characterization, together with another, is soon to appear in the Trans- 
actions of the American Mathematical Society. 

In what follows, I shall always suppose that the asymptotic net is 
parametric. Again borrowing a terminology used in a different sense 
by Guichard, I shall say that a congruence I” is conjugate to a surface S 
if its developables cut the surface in a conjugate net. Then 7f the 
congruence TY’ is conjugate to the surface S, the related congruence T is 
harmonic to S, and conversely. The two conjugate nets can coincide 
only when I and I” are the directrix congruences. 

An important question naturally arises concerning the existence of 
congruences conjugate to a given surface and uniquely determined 
thereby. The surface normals form such a congruence, so that a pro- 
jective generalization of metric theorems would demand the existence 
of a congruence projectively determined by the surface and conjugate 
to it. I have found that such a congruence is generated by the lines 
I’ joining the point y with the point 


samt a( 4%) y, 45 (S 4%) (13) 
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The corresponding line / joins the points 
° Dy, fe b, 
p= mt h(t 4%), c= +3(4h)y (14) 


The following geometric characterization of these points p and o will 
of course afford a characterization of the line ye. 

Let / be any line in the tangent line, and J’ the corresponding line 
through the point y. Project the asymptotic curves on the tangent 
plane, from any point on /’, and let C, and C, be the conics which oscu- 
late these projections at y. There exists but one pair of lines J, 1’ such 
that the interesections of / with the asymptotic tangents are the double 
points of the involution determined by the two pairs of points in which 
1 cuts the conics C; and C;. Let R and S be these double points; they 
are given by the expressions 


R=y+49, Sede ter) (15) 


Recalling that the directrix of the first kind intersects the asymptotic 
tangents in the points r and s defined by equations (11), one finds that 
the point p is the harmonic conjugate of r with respect to y and R, and 
o is the harmonic conjugate of s with respect to y and S. This com- 
pletes the required characterization. 

The points R and S, whose coordinates are given by equations (15), 
are of importance for still another reason. Darboux has shown! that in 
terms of the non-homogeneous coordinates of a regular point of a sur- 
face the equation of the surface may be written in essentially either of 
the following two forms, provided a local tetrahedron of reference be 
properly chosen: 


Set) bee Ue Sy), 
ae ale tia) itt ek 2) la NP) cs a. 


Darboux did not characterize either tetrahedron. The tetrahedron 
which gives rise to the first expansion was completely characterized 
by Wilczynski. To obtain the second expansion, three of the vertices 
of the tetrahedron of reference must be taken at the points y, R, S, and 
the fourth at the intersection of the canonical quadric with the line corre- 
sponding to RS in the relation R. 

The congruence of lines yf, since its developables cut the surface in 
a conjugate net, would very naturally take the place of the congruence 
of normals to a surface in projective generalizations of metric theorems. 
The said conjugate net would then play the part of the lines of curva- 
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ture. If this conjugate net has equal Laplace-Darboux invariants, a 
particular class of surfaces analogous to isothermic surfaces is defined. 
A projective generalization of geodesics may be made in terms of the 
congruence yf, since® there exists a two-parameter family of curves on 
the surface whose osculating planes contain the lines ye. It must be 
possible also to generalize a good part of the theory of triply orthogonal 
systems and families of Lamé, although the generalization can never be 
complete on account of the essential differences between metric and 
projective space. The field seems, on the whole, to be very promising. 


1 Green, G. M., Trans. Amer. Math. Soc., New York, 17, 1916, (483-516). 

2 Wilczynski, E. J., Ibid., 8, 1907, (233-260). 

3 Idem, Ibid., 9, 1908, (79-120). 

* Green, G. M., Amer. J. Math., Baltimore, 38, 1916, (313). 

’ Darboux, Bull. Sci. Math., Paris, (Ser. 2), 4, 1880, (348-384). 

§ Cf. the abstract of Miss P. Sperry, Bull. Amer. Math. Soc., New York, 22, 1915-1916, 
(441-442). The normal congruence is there replaced by the directrix congruence of the 
second kind, whose developables, however, do not cut the surface in a conjugate net. 


A CONTRIBUTION TO THE PETROGRAPHY OF SOUTHERN 
CEEEBES 


By J. P. Iddings and E. W. Morley 


BRINKLOW, MARYLAND AND WEST HARTFORD, CONN. 
Communicated August 20, 1917 


In a paper in the Journal of Geology, Chicago, 23, 1915, (231-245), the 
authors described some rocks collected in Java and Celebes in 1910. 
The chemical analyses of seven of these were from lavas and coarsely 
crystalline igneous rocks occurring in the neighborhood of Bulu Saraung 
(Pic de Maros). The rocks analyzed are trachytes, absarokite, nephelite- 
syenite and fergusite, besides kentallenite and marosite, rocks related 
to shonkinite. 

In November, 1914, a more extended visit was made to Southern 
Celebes under the auspices of the Bureau of Mines of the Netherlands 
Government. The mountainous region from Maros to Malawa and 
Batuku was studied in company with Mr. ’T Hoen and Mr. Ziegler, 
geologists of the Bureau. The region visited consists of several nearly 
parallel ranges of volcanic mountains, whose lavas are underlaid by 
faulted and dislocated strata which are exposed in the valleys and along 
the base of the volcanic ridges. 

The faulting and dislocation of the limestones and coal-bearing shales 
antedated the eruption of the igneous rocks, for the distorted strata 
are overlaid by volcanic breccias which form much less disturbed beds 
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in nearly horizontal positions in some parts of the region, but have 
dome-like positions in other places where great bodies of intruded lavas 
have lifted the sedimentary strata and overlying breccias, and have 
formed large laccolithic masses. The sedimentary strata are also 
traversed by intrusive sheets or sills of igneous rocks which occupy 
slightly different horizons in adjacent blocks of faulted sediments, 
showing that their intrusion was subsequent to the faulting and dis- 
location of the sedimentary strata. Dikes of igneous rocks occur more 
abundantly in some localities than in others, but are not very numerous. 

The volcanic breccias, which are probably the oldest eruptions of the 
series in this region, vary somewhat in different localities and in different 
parts of one mountain ridge. For the most part they are basaltic in 
appearance with small phenocrysts of augite and olivine, and very 
few of feldspar. The more feldspathic varieties occur chiefly in the brec- 
cia mountains heading the valley north of Bulu Saraung, that is, 
the southwestern end of the region visited. These rocks are mostly 
trachy-andesites, with small phenocrysts of augite and calcic plagioclase, 
in a groundmass of more alkalic feldspar which is in part orthoclase. 
With these andisitic breccias are associated more basaltic varieties and 
smaller amounts of trachytic rocks, some of which contain leucite. 
While most of this breccia is without noticeable bedding, is chaotic, 
parts of it are distinctly bedded and contain well-worn pebbles of the 
same kinds of rock as those forming the chaotic breccia. 

Farther north-east, in the vicinity of Malawa and Batuku, the breccia 
is almost wholly basaltic, with phenocrysts of augite and olivine; 
some varieties containing abundant small leucites, some being rich in 
large leucites. Leucitophyres constitute a great part of the volcanic 
breccias of the ridges visited, and are said to occur throughout a range of 
mountains at least 60 miles in length. Leucite-bearing rocks have been 
found in scattered localities from the Saleier Islands at the southern 
extremity of Celebes to the northern end, a distance of about 500 miles. 

Large bodies of lava have broken through the volcanic breccias in 
places, and have formed masses of trachyte and phonolite. This is the 
case especially in the southwest. The summit of Bulu Saraung (Pic 
de Maros) is phonolite which is younger than the basaltic breccias and 
tuffs that form the ridge to the east. Other large bodies of massive 
lava form peaks north of the road nead Bua. Dikes of porphyritic 
trachyte, and of other kinds of rocks, cut the breccias and sedimentary 
strata beneath them. A large dike of trachyte cuts limestone in the 
valley of the Sangara (Gentungen) above Balotji. It is exposed in a 
wall 6 feet thick and 30 feet high. Intrusive sills occur in the stratified 
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rocks and at the base of the breccias, and have a wide range of com- 
position. Great sheets of basalt form cliffs with limestone west of 
Maros near Patinuan. West of Birau, which is north of B. Saraung, 
there are sills of fine-grained syenite and leucitophyre. Leucitophyres 
form sills in the coal-bearing strata near Batuku. Laccolithic bodies 
of great size occur at the west base of B. Saraung, also in the valley 
east of Tjamba, and in the valley of Malawa. The rocks forming the 
laccoliths vary somewhat in composition and in grain. The largest 
are shonkinites, fergusite and essexite, which merge at their margins 
into fine-grained and aphanitic porphyries, with small porphyritic 
leucites. Other laccolithic bodies are medium to fine-grained rocks, 
some of which are more feldspathic than the shonkinites, and approach 
monzonites and syenites. There are phases of the laccolithic rocks 
very rich in biotite, augite and olivine, and others, occurring as veins in 
the principal rocks, that are syenites and nephelite-syenites. In con- 
trast to these feldspathic rocks are highly mafic lavas, found as boulders 
in streams, which consist almost wholly of augite and olivine. 

While some parts of the igneous rocks in this region are much de- 
composed, the great majority of the boulders in the streams, and of 
massive exposures in place, are extremely fresh, even the crystals of 
leucite and olivine, although the lavas were probably erupted in late 
Tertiary times. This may be due to the absence of frost and the vigorous 
surface action of abundant rains and strongly flooded streams. 

A large collection of rocks from the localities visited shows the great 
variety of leucitic lavas and the freshness of the rocks in most instances. 
The accompanying chemical analyses of twelve specimens illustrate the . 
most interesting varieties so far studied. In addition to the seven anal- 
yses previously published in the Journal of Geology, and those published 
and described by A. Schmidt, they furnish a fair idea of the chemical 
composition of the igneous rocks of this part of Celebes. 

Analysis 1 is of a non-porphyritic trachytic phonolite, which forms 
the summit of Bulu Saraung (Pic de Maros). It is holocrystalline with 
a trachytoid texture, and consists of prismoid alkalic feldspar with 
abundant minute crystals of what is probably sodalite. There is a 
small amount of brownish green pyroxene, which is slightly pleochroic, 
colorless wallastonite, and euhedral magnetite. Analysis 2 is of a 
porphyritic pseudoleucite-trachyte, with large phenocrysts of altered 
leucite, now analcite, and fewer of orthoclase and plagioclase. Analysis 
3 is of a porphypitic leucite-trachyte with phenocrysts of augite, biotite 
and altered leucite, in a groundmass of alkalic feldspar and biotite. 

Analysis 4 is of a leucitophyre from Batuku. The phenocrysts of 
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leucite are large and fresh,—also of various sizes, to microscopic di- 
mensions. The groundmass consists of small augites, prismoids of 
alkalic feldspar, magnetite and blades of ilmenite. Analysis 5 is of a 
minette, an aphanitic rock, with microscopic phenocrysts of biotite, 
magnetite, feldspar and augite, The groundmass consists of alkalic 
feldspar, biotite, augite and anhedral calcite, with some sodalite or al- 
tered leucite. The calcite is secondary. 

The following six analyses are of shonkinites and leucitophyres. The 
shonkinites differ from one another, somewhat in composition, and 
might possibly be given different names. That from which analysis 6 
was made is from the laccolith east of Tjamba. It resembles a medium- 
grained gabbro, and consists largely of augite, with less olivine and 
magnetite, a small amount of biotite, and considerable orthoclase, each 
crystal having a clouded core of altered plagioclase. There is also a 
zeolite, which probably replaces nephelite. The shonkinite, from which 
analysis, 7, was made, is much richer in biotite than the rock from East 
of Tjamba, is free from olivine, has abundant augite and orthoclase, 
besides clouded portions with a somewhat radiate structure, probably an 
intergrowth of feldspar and nephelite, now altered. There is also some 
zeolite as an alteration product. The shonkinite of analysis 8 is rich in 
augite and magnetite, with less feldspar, in part orthoclase, in part 
alkalic plagioclase, both with marginal intergrowths of a mineral with 
still lower refraction, which is probably altered nephelite. Analysis 10 
is of another shonkinite with much augite. and orthoclase, and a zeo- 
lite which replaces pseudoleucite or nephelite. 

The leucitophyre from Batuku, whose analysis is 9 has abundant 
phenocrysts of augite and fresh leucite, in a groundmass of small leucites 
and augites, with some plagioclase, magnetite, and secondary chlorite 
-and zeolite. Analysis 11 is of a leucitophyre exceptionally rich in cal- 
cium oxide, and low in alumina. ‘The rock has abundant phenocrysts 
of augite and fresh leucite, in a groundmass of small leucites, augite, 
anhedral wollastonite, and magnetite. The norm contains an unusually 
high percentage of wollastonite. 

Analysis 12 is exceptional because of the low alumina and relatively 
high amount of potash. The rock from which it was made is an aphan- 
itic porphyry, consisting mainly of augite with less olivine, as pheno- 
crysts in a groundmass of augite, magnetite, and leucite. There is over 
80% of mafic minerals, so that the rock is a leucitic limburgite, or a highly 
mafic leucitite. It is clearly an extremely mafic phase of leucitophyre, 
and since it does not correspond to any lava, so far described 
and analyzed, it seems advisable to name the rock batukite after the 
locality in which it occurs. 
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6 Skonkinite: lamarose. III. 5’. 2’. 3’. Laccolith east of Tjamba. E. W. Morley. 


II. 6.’2.3. Dike, stream S. W., of BuluSaraung. E. W. Morley. 
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7 Shonkinite: ourose-shonkinose. (II)III. (5)6. 2(3). 3. Laccolith, road S. of Bulu 
Saraung. E. W. Morley. 

8 Shonkinite: ourose-shonkinose. III. (5)6. 2(3). 3. Stream, Malawa. E. W. Morley. 
9 Leucitophyre: ourose-ottajanose. III. ’6. (2)3.2(3). Stream, Batuku. E. W. Morley. 
10 Shonkinite: kamerunose-cascadose. ‘III. (6)7. 2.3(4). Laccolith E. of Malawa. E. 

W. Morley. 
11 Leucitophyre: —— IV. ’2. 1. 1. "4. 2(3). Stream, Malawa. E. W. Morley. 
12 Batukite, leucite-limburgite, brunose-belcherose. IV. 1(2)...1.2.(). 1(2). Batuku. E. 
W. Morley. 


ON THE NON-EXISTENCE OF NERVOUS SHELL-SHOCK IN FISHES 
AND MARINE INVERTEBRATES 


By Alfred Goldsborough Mayer 


DEPARTMENT OF MARINE BIOLOGY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated August 30, 1917 


Experiments made at Tortugas, Florida, during the summer of 1917 
indicate that the nervous systems of fishes and invertebrates are re- 
markably resistant to the injurious effects of sudden explosive shocks 
transmitted through the water. / 

Many experiments were made upon the Scyphomedusa Cassiopea 
xamachana. ‘The medusae were paralyzed by removing their marginal 
sense organs, and then a ring-shaped strip of subumbrella tissue was set 
into pulsation by an induction shock; thus producing a single neuro- 
genic contraction which travels through the circuit-shaped strip of tissue 
at a uniform rate of speed, provided temperature, salinity and other 
factors remain unchanged. It is thus possible accurately to ascertain 
not only the rate of nerve conduction but also the peculiar individual 
characteristics of the wave in each pulsating ring. 

These rings were placed in a light silken bag immersed about 10 feet 
below the surface of the sea; and then a half stick of dynamite was ex- 
ploded within 3 feet of them. This, however, produced no effect either 
upon their rates or the character of their pulsation waves, although 
fishes possessing swim-bladders were killed within 10 feet, and injured 
so that they turned ventral side uppermost within 20 feet of the exploding 
dynamite. 

When the pulsating rings were placed in glass jars or tin cans, partially 
filled with air, the containers were crushed or shattered by the explosion 
and much mechanical injury sustained by the medusa rings, which 
however, could at once be restored to normal pulsation by an induction 
shock, if their pulsations had ceased. It was also observed that the 
lacerated area regenerated at a normal rate. 

Prof. J. F. McClendon suggested that fishes with swim-bladders might 
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prove to be more sensitive to explosive shocks than those without swim- 
bladders, and experiments showed that a half stick of dynamite may be 
exploded within 3 feet of a small shark, which has no swim-bladder, 
without producing any apparent injury. This also applies to a lesser 
degree to such teleosts as lack swim-bladders. Dr. S. C. Ball kindly 
dissected some of the fishes with swim-bladders which had been killed 
by the explosions, and found that the swim-bladder had burst, and the 
tissues were crushed in around it, often breaking the vertebral column 
of the fish. Moreover, Prof. W. H. Longley, who has had much experi- 
ence in the use of dynamite, tells me that echinoderms, and crustacea, 
if not mechanically torn apart, show no apparent ill effects but how- 
ever move away from the site of the explosion. 

It appears, then, that the nervous system of these lower forms is ex- 
traordinarily insensitive to shock due to explosion of dynamite, and that 
the injurious effects of the explosion if present are due to mechanical 
lacerations of tissues and especially the crushing inward of air-filled 
cavities. It seems possible, therefore, that the cavities of the middle 
ear and eustachean tubes may be a source of danger to men standing 
near exploding shells. 

It has been suggested that the sudden reduction in atmospheric 
pressure in the close proximity of an exploding shell might set free dis- 
solved gases in the blood and elsewhere, thus vacuolating the tissues 
and producing pressure and other effects upon the nerves; but our ex- 
periments with pulsating rings of Cassiopea seem to negative this hy- 
pothesis for no injurious effects other than those of simple asphyxia- 
tion were produced by sudden exhaustion of the air surrounding the 
animals; and recovery, when replaced in normal sea water, was almost 
immediate. 

These results are in accord with the conclusion of Grasset, Eder, 
Babinski et Froment, and others that war shock is predominantly a 
psychic phenomenon, and being hysteria it can be cured by hypnotic 
suggestion. 


CHEMICAL DIFFERENTIATION OF THE CENTRAL NERVOUS 
SYSTEM IN INVERTEBRATES 
By A. R. Moore 


RUTGERS COLLEGE, NEW BRUNSWICK, NEW JERSEY 
Communicated by J. Loeb, September I, 1917 


The selective action of drugs for certain tissues forms the basis of 
the science of pharmacology. The action of such substances as strych- 
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nine in increasing the sensitivity of the sensory-motor junctions of the 
spinal cord is definitely known. In a more general way the selective 
affinity of caffein, camphor and atropin for specific parts of the vertebrate 
central nervous system has been established. 

As an instance of the application of this method to the study of the 
nervous systems of other forms, Baglioni! has attempted an analysis 
of the cephalopod ganglia by means of strychnine and phenol. Strych- 
nine was found to be specific for the cerebral ganglia and phenol for the 
mantle ganglia. 

The writer recently has found that freshly hatched squid (Loligo pealii) 
furnish excellent material for demonstrating reactions of the type under 
discussion. ‘These little animals show a delicate sensitivity to the action 
of the substance used. ‘Their response to stimulation is easily demon- 
strable in the muscular convulsions of tentacles, neck and mantle, and 
the spasms are in every case, except where specifically inhibited, accom- 
panied by a striking play of the chromatophores. The cephalopod 
chromatophore is a globular sac containing either yellow, red or brown » 
pigment. At rest these bodies appear as small dark spots, scattered 
inconspicuously over the surface of the mantle, head and tentacles. 
Muscle fibers attached radially to the chromatophore control its form. 
Contraction of these fibers stretches the sac into a sheet, so that the 
surface of a given chromatophore may be increased a hundred-fold by 
this mechanism. 

The result of strong stimulation, such as mechanical injury or the 
action of potassium chloride, is a series of clonic spasms of the entire 
musculature, invariably involving extreme extension of the chromato- 
phores. The play of brilliant color may therefore be used as an indi- 
cator of stimulation. If the precaution is taken to view the animals 
against a white background, the reaction can be followed with the 
naked eye. Details can be studied with the aid of the low power objective 
of the microscope. 7 

In carrying out an experiment, a half dozen freshly hatched squid 
were put into a Syracuse watch glass containing a solution of the sub- 
stance to be tested. In sufficiently dilute solutions the characteristic 
effects could be followed for an hour or longer. A strychnine sulfate 
solution (1: 100,000) maintained the squid in a highly sensitive state 
for over an hour, so that a slight jar was sufficient to throw the animal 
into spasms and bring on the play of chromatophores over the entire 
body. | 

When put into caffein solution (1: 10,000) juvenile squid show rapid 
circus movements. The circular character of the course is due to the 
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cramped bending of the neck. The tentacles also show convulsions. 
At the same time a lively expansion of the chromatophores takes place 
in the entire head region and solely in this region. Only rarely may the 
display extend to the mantle. 

In sea water one-sixth saturated with camphor gum, the reaction of 
young squid is exactly the reverse of that in caffein. While the head and 
tentacles remain passive and their chromatophores closed, the muscular 
spasms and the play of color take place in the mantle. The fact that 
the camphor acts directly on the mantle (stellar) ganglia may be demon- 
strated in the following way. With the stroke of a sharp scalpel sever 
the head from the body of the squid. In a few seconds the results of 
mechanical stimulation have abated and both parts are at rest with the 
chromatophores closed. Now put the two parts of the animal, head 
and body, into the camphorated sea water. The mantellar region 
shows muscular convulsions and the brilliant play of chromatophores, 
while the head and tentacles remain quiescent unless stimulated 
directly. 

Juvenile squid immersed in atropin sulfate solution (1: 2500) show 
abnormally rapid swimming movements, soon followed by failure of 
locomotion. ‘The animals lie on the bottom of the dish and with the 
microscope one may see the spasmodic contractions of the tentacles and 
mantle. There is no play of the chromatophores. This fact distin- 
guishes atropin spasms from those due to strychnine, caffein and cam- 
phor. It may be that the failure of the radial muscles of the chromat- 
ophores to contract is due to the blocking of the impulses to these 
muscles. In such a case we would have an analogy in the action of 
atropin in paralyzing the terminations of the sympathetic in vertebrates. 

Crustaceans are far less favorable material for the study of the selec- 
tive action of drugs. ‘This is undoubtedly in part due to a failure of the 
substance used to penetrate the tissues. The writer has shown that 
certain fresh water crustaceans are rendered more sensitive to light by 
treatment with solutions of strychnine, atropin and caffein.? Striking 
results may also be obtained in marine forms with saturated solutions of 
camphor gum. Specimens of the hermit crab (Pagurus longicarpus) 
after a few minutes’ immersion in the solution of camphor gum in sea 
water are seized with tremors at each attempt at locomotion. ‘This is 
due to the fact that all the appendages are thrown into convulsive trem- 
bling movements resembling the symptoms of palsy in human beings. 
Similar effects may be observed in the marine shrimp (Crangon vul- 
garis). In this form the thoracic appendages first show tremors, then 
complete paralysis. The swimmerets are next extended at right angles 
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to the median line of the body and show continuous tremors. At this 
stage, the animal, when stimulated, invariably swims forward, and is 
entirely unable to move backward. This is due to the fact that the 
swimmerets are able to make only the stroke which carries the animal 
forward. This fact may indicate that camphor acts selectively on the 
ganglia of the abdominal nerve cord, paralyzing the motor elements 
which control backward swimming, and rendering more sensitive the 
nervous elements controlling forward movement. Eventually complete 
paralysis supervenes. 

Further tests were made to determine the character of the action of 
strychnine, atropin, caffein and camphor on starfish (Asterias), medusa 
(Gonionemus) and the sea anemone (Metridium). In the case of medusa 
and sea anemone, atropin alone was an effective reagent in increasing 
the animal’s sensitivity. A sea anemone put into atropin sulfate solu- 
tion (1: 2000) upon stimulation withdraws the tentacles, contracts the 
sphincter, and spasmodically contracts the longitudinal muscles. The 
animal does not fully recover the relaxed condition in the atropin solution 
but revives in a few minutes in a stream of fresh sea water. Specimens 
of medusa put into atropin sulfate solution (1: 2500) contract their 
tentacles and show continuous activity of the bell with an abnormally 
high rate of pulsation. Starfish were affected by atropin in the same 
way as by strychnine, viz: the animals show a strong tendency to bend 
the rays dorsalward, which is increased by stimulation. Caffein and 
camphor are not effective in increasing the irritability of starfish. 

These results indicate an increased chemical complexity of the central 
nervous system developing pari passu with an increase in morphological 
complexity. Thus, in the actinian and coelenterate where the diffuse 
nerve net system obtains, strychnine, caffein and camphor exert no 
excitatory action. With the development of localized nerve tracts and 
the beginning of a central nervous system in the asteroids, strychnine, in 
comparatively high concentrations, produces its characteristic effects. 
In crustacea and the cephalopod mollusca with their highly developed 
central nervous systems, the strychnine is, as we should expect, effective 
in low concentrations. Caffein and camphor act as excitants only 
where the histological elements of the nervous system are completely 
elaborated, viz.: in crustacea and the cephalopod mullusca. 

Atropine stands in a separate category, since it is effective as a nerve 
excitant in members of all the classes tested. It would seem, then, 
that atropine forms a compound with a fundamental constituent of all 
the nerve cells, while strychnine, caffein and camphor combine with 
neuronic molecules which are the products of a higher organization. 
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Summary.—As evidence for the chemical differentiation of the cen- 
tral nervous system in invertebrates, it has been shown that, in the 
cephalopod (Loligo pealii), caffein brings about hyperirritability of the 
cerebral ganglia, while camphor affects the stellar ganglia alone in the 
samesense. Atropin causes spasms in the squid, but inhibits the activity 
of the chromatophores. : 

Camphor shows a selective action on the central nervous system of 
the shrimp (Crangon vulgaris) paralyzing the elements which function in 
backward swimming movements and exciting those controlling forward 
movement. 

Atropin increased the sensitivity of all the forms tested. 


1 Baglioni, S., Zs. allg. Physiol., 5, 1905, (43-65). 
2 Moore, A. R., Science, New York, N. S., 38, 1913, (131-133). 


PROOF OF THE MUSCLE TENSION THEORY OF HELIOTROPISM 
By Walter E. Garrey 


PHYSIOLOGICAL LABORATORY OF TULANE UNIVERSITY, AND MARINE BIOLOGICAL 
LABORATORY, WOODS HOLE 


Communicated by J. Loeb, September 13, 1917 


That the mechanism by which heliotropic organisms are oriented to 
light should be identical with that for the orientation to the galvanic cur- 
rent was demanded by the tropism theory developed by Loeb in 1888.1 
The identity of the mechanism in sessile forms was early established by 
Loeb, while more recently Bancroft? has clearly shown that the tenets 
of the theory hold also in the movements of Euglena, which are accom- 
plished in an identical way whether under the influence of light or of the 
constant current. 

It is the aim of this paper to show that the movements.of many helio- 
tropic insects under the influence of light are to be explained as forced 
motions due to the effects of light upon the tension or tonus of the 
muscles and that in this regard, there exists an exact analogy to the 
effects of the constant current in the animals investigated. 

Loeb and Maxwell? showed that. when a constant current passed 
from side to side of Palemonetes the legs on the anodal side were flexed, 
while those on the cathodal side were extended. With the anode at the 
anterior end the anterior legs were flexed and the posterior extended. 
Reversal of the current reversed the condition of tension in these legs 
and body changes were also induced. The whole response persisted 
while the current flowed and put the animals in such a condition that 
any movement forced them toward the anode. Similarly it was shown 
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by Loeb and Garrey* that Amblystoma larvae reacted to the constant 
current in such a way that the muscie tonus was different depending 
upon the direction of the current. With the anode at the anterior end, 
the body curved ventrally and the legs were directed backward, while 
with the cathode at the head end the body was in the opisthotonic con- 
dition, concave dorsally, and the legs were directed forward. These 
differences in muscle tension made motion difficult or impossible in 
any direction except to the anode, toward which the animals were 
forced to move. 

In the heliotropic insects the characteristic reactions are mediated 
through the eyes, the central nervous system, and thus reflexly, the mus- 
culature. Loeb proposed the following theory of the direction of the 
motions of such heliotropic animals.’ ‘The ‘photosensitive elements 
are arranged symmetrically in the body and through nerves are con- 
nected with symmetrical groups of muscles. Light causes chemical 
changes in the eyes. . . . . If the rate of photochemical reaction 
is equal in both eyes the effect upon symmetrical muscles is equal, and 
the muscles of both sides of the body work with equal energy. If a 
positively heliotropic animal is struck by light from one side, the effect 
on the tension or energy production of muscles connected with this eye 
will be such that an automatic turning of the head and the whole animal 
toward the source of light takes place,” until the eyes are equally illu- 
minated, when the symmetrical muscles work equally so that the animal 
will continue to move in this direction, or any deviation from this line 
of orientation will result in a repetition of the manouver. 

It is our purpose to show that inequality in the illumination of the 
two eyes of many insects does in reality produce the differences in mus- 
cular tension demanded by this theory, that their movements are de- 
termined by this condition, that the phenomena are quite general in 
this group of animals and identical with those described for galvano- 
tropism where the tension theory is proven. 

Holmes® showed that the tonus of the muscles of the water scorpion, 
Ranatra, was markedly affected by illuminating the animal from dif- 
ferent directions and by blackening different parts of the eyes, thus 
changing the equality and symmetry of illumination of the two sides. 
His results were in absolute harmony with Loeb’s theory, the ani- 
mals reacted according to its demands with ‘machine-like’ precision. 
The striking similarity to the behavior of Palemonetes or Amblystoma 
when under the influence of the galvanic current would have sufficed 
to establish the identity of heliotropism with galvanotropism, had it 
not been for the diverting effect of Holmes’s psychological speculation, 
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centering as it did upon other features in the behavior of Ranatra. 
This case stands as an isolated example whereas, the features it pre- 
sents are in reality generally applicable to heliotropic animals, since 
our experiments have demonstrated their existence in practically every 
group of the insecta. They are well shown by many genera of butter- 
flies and moths, by the bees, by many of the commoner flies including 
Musca, Caliphora, Tabanus, and Eristalis. While future reference will 
be made to. these forms, the present communication will deal mainly 
with the reactions of the robber flies, in some forms of which the effects 
of light on the muscle tonus are most striking. The best of these which 
has come to our notice is one of the large brown forms, Proctacanthus, 
although Promachus and Deromyia show the reactions well. 

Methods were used to produce unequal illumination, usually by black- 
ening some part of the eyes with asphalt black, which is practically 
opaque and hardens into a brittle shell-like film upon drying. 

1. Blackening all of one eye. When one eye of positively heliotropic 
insects is blackened, circus motions are made toward the opposite 
(normal) side and in all the forms studied they occur both when flying 
and creeping, as noted by Parker for Vanessa antiopa.’ They may be 
noted in practically all of the commoner butterflies. Differences in the 
tonus of the muscles of the two sides are in evidence when the animals 
are at rest under constant illumination. The bodies are tilted well 
toward the side of the good eye and the legs of that side are flexed with 
the body resting against their upper segments, while the terminal seg- 
ments of that side are well under the body, and those of the opposite 
side are extended away from the body. The head is usually rotated 
on the body so that both antennae may actually be below the line of 
the wings. 

The robber fly, Proctacanthus (Sp. ?) shows the tonus changes of 
the legs much more strikingly than any other insect examined. On the 
side of the good eye they show a continued state of flexion involving all 
three legs. The anterior leg may be so far adducted as to cross under 
the body farther to the side of the blackened eye than the corresponding 
leg of that side. The legs on the side of the blackened eye are more 
extended than normally and spread farther apart. The body may tilt 
so far toward the side of the normal eye as to press the legs to the table. 
The head not only rotates on the long axis of the body toward the good 
eye but is also flexed toward that side, a considerable angle appearing 
between the head and thorax. In some cases the abdomen also shows 
flexion concavely toward the side of the good eye even when the animal 
is at rest. The posture assumed is the characteristic one assumed by 
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Palemonetes when the constant current is passed through the body 
from side to side, and by Ranatra when illuminated from one side. 
The figures of the authors referred to above in this connection will 
serve for illustration of the conditions resulting from our experiments. 

All of the muscular conditions upon which the resting postures are 
dependent are accentuated by activity. The robber flies move in 
circles by farther flexing the legs on the side of the functioning eye and 
extending those on the side of the blackened eye. The head bends 
farther toward the center of the circle and the abdomen curves so that 
the body is concave, forming an arc of the circle in which movement is 
executed. 

2. Illuminating one eye. Bringing one eye of Proctacanthus into the 
bright beam of light directed through the objective of the optical sys- 
tem of the string galvanometer, while the other eye is illuminated only 
by the subdued light of the optical room, promptly produced the same 
postural relations described in the previous section. In this case the 
diffusely illuminated eye corresponds to the blackened eye. ‘The result 
is due simply to a difference in the intensity of illumination of the two 
eyes. Mast® has produced similar tonus differences by reflecting light 
from a small mirror on one of the eye spots of Arenicola larvae; the body 
‘musculature contracted on the brightly illuminated side. This observa- 
tion we have repeated and noted further that the contracted state per- 
sists as long as the light is held on the eye spot. The same curvatures 
have been noted by us when the constant current is passed transversely 
through the body of the marine worm Podarke and have also been de- 
scribed by Moore and Kellogg for the earthworm.’ The general 
mechanism is the same for the action of light and the galvanic current. 

3. Blackening the lower half of both eyes equally results in a symmet- 
rical position of the legs of the two sides but the anterior and middle 
pair are extended forward to the maximal extent, producing a striking 
posture in which the anterior end of the robber fly is pushed up and 
back from the surface of the table. The front pair of legs may even be 
poised up in the air. The body is in opisthotonus with the abdomen 
concave on the dorsal side, while the head is tilted far up and back on 
the long axis of the body. The whole posture is that assumed by 
Amblystoma or by Palemonetes as described above, when subjected to 
the influence of the constant current with the cathode at the anterior end. 
Holmes showed similar postures for Ranaira with a light placed above 
and posterior to the animal. 

When walking these robber flies gave the eee of trying to ciimb 
up into the air. The wings are frequently somewhat spread and the 
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animal may push itself up and back until poised vertically on the tips 
of the wings and abdomen. The tendency to fly is very pronounced 
in this condition and upon the slightest disturbance the fly soars up- 
ward and backward, striking the top of a confining glass dish or com- 
pleting a circle by ‘looping the loop’ backward. If it falls upon its 
back it rights itself by turning a backward somersault. Unequal black- 
ening of the lower parts of the two eyes results in a combination of the 
effects just described, with those described for blackening one eye, for 
the animal also performs circus motions. 

4. With the upper halves of the eyes blackened the attitude is the re- 
verse of that described in the preceding section. The anterior and 
middle pairs of legs are flexed. ‘The anterior and posterior ends of the 
body bend ventrally with the body in emprosthotonus. The head is 
bent far down until its anterior aspect is parallel to the surface of the 
table. The animal may actually stand on its head, but the abdomen 
retains its ventral curvature, leaving a considerable angle open between 
its dorsum and the wings which normally rest on it. 

In both walking and flying it continually keeps close to the table, 
and upon encountering an obstacle it frequently does a forward somer- 
sault. If it gets on its back it rights itself with greatest difficulty as 
its efforts simply result in bending the tail and head ventrally until 
they may form a complete ring. In galvanotropism the same general 
picture is presented by Palemonetes and Amblysitoma when the anode 
is at the head end, the tonus changes involved being identical in the 
two conditions. 

5. By blackening the upper half of one eye and the lower half of the 
other, circus motions are performed toward the side with the Jower half 
blackened. If for example the lower half of the right eye and the upper 
half of the left eye of the robber fly are blackened flexion of the anterior 
leg on the right side results. There is extension of the anterior leg on 
the left side. The body is thus somewhat twisted on its long axis 
for there is also flexion of the posterior leg on the left side and exten- 
sion of its mate on the right side. Such a bizarre effect is hardly ex- 
plicable by any recourse to the assumption that the animal is “‘avoiding 
the darkened field.” In reality the tilting of the body and the twist 
of the head are toward the blackened part of the eye viz., down on the 
side on which the lower half of the eye is blackened, and up on the 
side on which the upper half has been blackened. The result is readily 
explained on the basis of a crossed innervation from the eyes to the 
extensor muscles of the opposite side, a view for which much evidence is 
at hand. 
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6. Blackening corresponding halves of both eyes of Proctacanthus, for 
example, the outer half of the right eye and the inner half of the left 
eye, causes postural changes similar to those produced by blackening 
all of one eye (the right) and circus motions away from the side to 
which the black has been applied, i.e., to the left in our example. This 
statement of fact is, however, capable of overemphasis for the intensity 
of the reaction depends upon the relative amount of black applied to 
each eye, thus if a greater area of the inner side of the left eye be black- 
ened or a lesser area on the outer (right) side of the right eye the tend- 
ency to move in a circle to the left is lessened, nullified, or even reversed 
by combining the two procedures. ‘This fact is an interesting and fatal 
contradiction to the view that the postures are assumed, and the circus 
motions made, in an attempt “to avoid the dark field which appears 
as an obstruction to the path.”” The reaction is a quantitative one and 
depends on the relative areas blackened as much as upon the part of the 
eye covered. ‘The space relation of light fields to dark fields, does not 
change in the above experiment but the tonus of the muscles does 
change with the change in the areas blackened, whereby the behavior 
of the robber fly is reversed and it circles toward the side on which both 
eyes have been blackened. 

When either the inner halves or the outer halves of both eyes are 
blackened, the muscles of the two sides remain absolutely symmetrical 
provided the eyes are equally and symmetrically painted. If the 
painted area is considerably less on one eye than on the other, the 
tonus changes again approach those found by blackening all of one 
eye and the animal, in walking, circles to the side with the greater area 
exposed to the action of light. Complete blackening of both eyes re- 
sults in marked relaxation of all the musculature, although the two 
sides are symmetrical. 

7. All the experiments show that the muscle tone is dependent upon 
the intensity of the light and that the postures assumed depend upon the 
relative differences in the illumination of the eyes. In animals with one 
eye completely covered the radii of the circles in which they moved 
were shorter the more intense the illumination of the normal eye. With 
one eye partially covered the circles were larger than when completely 
covered and in the same way, the circles were larger when one eye was 
covered by a film of collodion or of brown shellac, which admit some 
light, than when subsequently covered by opaque asphalt black. When 
one eye was partially covered by central application of the black paint 
the tilting and circling to the opposite side were abolished or reversed 
by brilliant illumination of the partially blackened eye. ‘These re- 
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sults explain why a positively heliotropic animal with one eye black- 
ened approaches a light by a series of alternating small and large circles, 
the former being executed when the good eye is illuminated from the 
source of light, the larger when it is in the shadow. 

8. Differential sensibility. Robber flies with one eye blackened show 
the postural conditions in the most pronounced way in the early morn- 
ing or after being kept for some hours in the dark. Constant exposure 
to the light produces considerable fatigue of the eye with recovery in the 
dark. ‘These facts among others suggested the possibility of producing 
a different sensitiveness of the two eyes and ‘corresponding differences 
in the muscle tonus with asymmetry of position, and in physiological 
action of the muscles of the two sides of the body when the two eyes 
were equally illuminated. Such an experiment constitutes a crucial 
test of the tonus theory of heliotropism. It succeeded beyond our 
greatest expectations. Asphalt black was applied to the right eye of 
several specimens of Proctacanthus. In two or three days the paint 
had formed a brittle shel]. During this time the blackened eye had 
become ‘dark adapted.’ When such a fly is exposed to light, it tilts and 
circles to the left. If now the brittle shell is cracked off the right eye 
by carefully pinching with fine forceps, the exposure of this very sensi- 
tive eye to light results in a reversal of the whole picture; the fly circles 
toward the side from which the black was removed. Although the 
illumination of the two eyes is of equal intensity, what was the normal 
eye now becomes relatively a darkened eye owing to its lesser sensi- 
tiveness. A differential effect results, probably due to a difference in 
the rate of photochemical change in the two eyes. This reversal of the — 
muscle tonus, and of forced motions, may persist for an hour or two or 
even longer, until the two eyes become, as they ultimately do, of equal 
sensitiveness and the fly behaves like a normal animal]. 

These experiments are not only incompatible with any avoidance 
idea, for after removal of the black there is nothing to avoid, but they 
are also incompatible with the conception of ‘habit formation,’ for 
‘habit’ in the performance of the circling movements is of no avail 
when light is admitted to the darkened eye. ‘The animals circle to 
that side because the tonus of the muscles is such that they are forced 
to do so. 

9. Post mortem rigor. Proctacanitht kept in a moist atmosphere but 
without animal food, have lived two or three weeks. During this time 
if one eye was blackened the tonus change in the muscles became almost 
a fixed condition, probably the result of an atrophy of the muscles or a 
lack of tonus, similar to the effects of disuse. Death supervening, the 
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onset of rigor exaggerated the condition existing prior to death and the 
animal stiffened in the characteristic postures. This follows the rule for 
rigor mortis, that the more strongly acting muscles contract more 
strongly after death. This fact lends additional proof for the tonus 
theory of the tropisms. 

Conclusion.—These experiments remove, in our opinion, the last 
doubt that the motions of animals to or from a source of light are due to 
an influence of the light on the tension of muscles of different sides of 
the body whereby the animal is automatically carried to or from a 
source of light. 
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CHANGEABLE COLORATION IN BRACHYURA 
By W. H. Longley 


GOUCHER COLLEGE, BALTIMORE, AND DEPARTMENT OF MARINE BIOLOGY, CARNEGIE 
INSTITUTION OF WASHINGTON : 


Communicated by -A. G. Mayer, September 10, 1917 


Although changes in coloration have been observed commonly in 
crustacea, only two recorded cases appear to refer to Brachyura. Fritz 
Miiller reported to Darwin! that the male of a Brazilian species of 
Gelasimus is subject to rapid and remarkable changes in appearance. 
R. P. Cowles? has also described changes in color in Ocypoda arenaria 
Say, which he believes are in the main, if not entirely, dependent upon 
changes in the intensity of the light and variations in the tempera- 
ture to which the creatures are exposed. It would seem, however, 
that crabs are able at least to change their shade much more com- 
monly than recorded observations would indicate and that other fac- 
tors than those suggested may determine their coloration at a given 
moment. 

Portunus depressifrons Stimp., Callinectes ornatus Ord. and C. marv- 
ginatus A. M.-Edw. display striking changes in coloration under cer- 
tain conditions. Others less obvious or less closely studied have been 
noted too in Portunus spinicarpus Stimp. and P. sayz Gibbes and in 
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Euryplax nitida Stimp., all of which as well as those mentioned above 
have perhaps been overlooked because they are much less apparent in 
mature than in immature specimens. It is also clear that in O. arenaria 
as well as in the six species last enumerated, the shade of the substratum 
plays a very important part in determining that of individuals rest- 
ing upon it, since in each within a few minutes, usually less than ten, 
at temperatures commonly prevailing in the laboratory it is possible 
to reverse the shade of the two members of an adapted pair simply 
by transferring each to the dish occupied by the other. 

Light colored crabs, essentially white ones, may be cooled in white 
dishes from temperatures between 30° and 35°C. to 12° and be com- 
pletely paralyzed by the cold without changing in the least in shade. 
Crabs whose shade is adjusted to that of light and dark colored dishes 
respectively may be transposed at a temperature at least as low as 
16°C. and have their coloration reversed as definitely as under warmer 
conditions. Cool crabs in dark dishes may be heated to approxi- 
mately 35°C. before they commence to show any effect of the treat- 
ment. At higher temperatures, which vary in individual cases, they are 
blanched. At such temperatures it is also impossible to induce dark- 
ening, or at least the development of a distinct pattern, by transposing 
a light crab to a dark dish. Hence it is apparent that temperature is 
not the basic factor concerned in the matter, but merely one that 
limits adaptive color changes in Ocypoda near the upper level at which 
it is able to survive. It is possible, indeed, that the very appearance of 
heat-blanching indicates the abnormality of the situation, for, regard- 
less of the shade of the substratum, a similar effect follows when 
the water in which the crabs are is charged artificially with COs. 

The degree to which Ocypoda’s coloration is independent of tempera- 
ture may be demonstrated most strikingly in a single experiment by 
transposing specimens which have been standing in cold white dishes 
and warm black ones respectively. In a specific instance the colora- 
tion of two crabs was reversed without that one which was turning 
from dark to light ever becoming warmer than 17°C., or the other cooler 
than 35°. Equality of shade was attained in twenty-nine and com- 
plete reversal in about fifty minutes. Thus it is plain that temperature 
is so much less effective than the shade of the underlying bottom in 
determining coloration that the latter is able to induce adaptive changes 
in opposition to Cowles’s laws in the face of a temperature difference of 
not less than 18°C. The time relation established, however, does not 
represent the minimum required to effect the change, since the water 
in the dark dish was for a time above the temperature at which heat- 
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blanching appears, and the darkening of the crab in it was therefore 
delayed. 

It does not seem to be true, as has been suggested by Dr. Cowles, 
that the “blanching of individuals on the sands of Loggerhead Key 
is probably due to high temperature alone,” or that during a large part 
of the time Ocypoda would be heat-blanched rather than adaptively 
colored... He observed that water standing outside the laboratory was 
heated to 45°C., at which temperature experiment shows that the 
substratum exercises a negligible effect in determining the crabs’ colora- 
tion. Even higher temperatures than that recorded may occur, but 
this fact has only a slight bearing upon the matter at issue, for this 
excessive heat does not characterize the creatures’ environment when 
they are exposed. | 

The animals live and feed largely in the zone below high water mark, 
where actual observation twice showed a temperature of 39°C. when the 
same thermometer lying flat in the same way on the sand 25 feet above 
it registered 49° and 45° respectively on the two occasions. It may 
also be demonstrated readily by raising the instrument half an inch 
on crotched sticks that the temperature prevailing at the level at which 
an active crab’s body would actually be is considerably lower than 
on the sand, being 37° and 36.5° in the two cases cited. That is to 
say, at the hottest time in the day the temperature throughout the 
normal range of active crabs is very little above the minimum at which 
heat-blanching occurs. But at these times very few crabs are out of their 
burrows: five were digging them or standing idly in their mouths in the 
first case and only one in the second, while none at all were moving 
about freely over the sand where dozens might be seen both earlier and 
later in the cooler parts of the day. It is clear, therefore, that, unless 
their reactions to air and water temperatures are not the same, when the 
animals are actually exposed to the attacks of enemies, temperature 
is not sufficiently high to inhibit the effect of the substratum in induc- 
ing adaptive color changes which might reduce their conspicuousness. 

So far it is apparent that the inference that adaptive color changes 
occur in the species mentioned rests wholly upon the demonstration of 
their ability to effect such changes in the laboratory. Similar adjust- 
ments are made, however, under natural conditions. It was, indeed, 
observation of the fact that, as one walks along a beach on which there 
is striking contrast between the dark and light patches covered by shal- 
low water, the individual young Callinectes marginatus and ornatus that 
dart away from under foot differ in shade according as they start up 
from one or the other, that attracted attention to the possibility that 
such relations exist as have been reported in this article. 
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There is then every indication that further study will show that the 
colors of crabs and their capacity to change them vary from species to 
species according to the same general rules that appear to prevail 
among fishes.2 But if in two groups of animals so widely separated the 
same laws of coloration prevail, and if the observed facts point so unani- 
mously to the concealing function of coloration in each, it becomes in- 
creasingly improbable that other laws prevail as extensively as has 
been supposed among other animals, and increasingly evident that 
adaptation of the organism to its environment is one of the most striking 
of natural phenomena. 


1Darwin, C., Descent of Man, Chap. 9. 
2Cowles, R. P., Washington, Carnegie Inst., Pub., No. 103, 1908, (1-41). 
Longley, W. H., J. Exp. Zodl., Wistar Inst. Philadelphia, 23, 1917, (536-601). 


THE EQUILIBRIUM OF TORTUGAS SEA WATER WITH CALCITE 
AND ARAGONITE 


By J. F. McClendon 


DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF MINNESOTA, AND TORTUGAS LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON 


Communicated by A. G. Mayer, August 30, 1917 


The question of the solubility of calcite and aragonite in sea water 
is a matter of interest in relation to the geology of limestone and dolo- 
mite. Murray and Hjort! maintain that sea water is so complicated a 
mixture that the solubility of CaCO; cannot be calculated with cer- 
tainty (from the law of mass action) but that the experiments of Ander- 
son and of Cohen and Rahen show that sea water is saturated with 
calcite. They add, (p. 181) that dolomite is less soluble than calcite in 
carbonated waters. Their book summarizes observations showing that 
calcium carbonate is precipitated in shallow tropical waters, but that 
even shells are dissolved in the red clay bottoms of the depths. 

Mayer? placed pieces of Cassis shell in sea water for more than a year 
and found them to maintain their weight within about 75 of 1%. The 
precipitation of CaCO; at Tortugas was studied by T. Wayland Vaughan, 
R.B. Dole,and G.H.Drew.? Drew observed that a denitrifying bacillus, 
Pseudomonas calcis, obtained from the sea water, was capable of changing 
calcium nitrate to calcium carbonate in culture media and supposes a 
similar process to occur in sea water. Since Vaughan has observed 
that calcium carbonate is constantly precipitating at Tortugas, Drew’s 
hypothesis necessitates the presence of an appreciable amount of nitrates 
or nitrites, and I have attempted to determine them. 
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A half liter of sea water was boiled in an all-glass still and the dis- 
tillate collected in a series of 25 cc. Nessler’s tubes. Another series of 
Nessler’s tubes were filled with a graded series of concentrations of 
ammonium chloride. One cubic centimeter of Nessler’s reagent was 
added to each tube and agitated. After fifteen minutes, the tubes were 
compared colorimetrically and the ammonia recovered from the sea 
water was estimated. After no more ammonia could be distilled from 
the sea water, amalgamated aluminium shavings were introduced into 
the still and the distillation process repeated. ‘The ammonia recovered 
was formed by reduction of nitrates and nitrites. Duplicate analyses 
gave less than 0.01 mgm. of nitrogen per liter as ammonia and less than 
0.01 mgm. nitrogen per liter as nitrates and nitrites. Raben found 
more than ten times these quantities in North Sea water.4 Evidently, 
Pseudomonas calcis and other organisms have almost completely re- 
moved the fixed nitrogen from Tortugas sea water. The effect of this 
probably explains the scarcity of life in the vicinity of Tortugas as com- 
pared with colder seas (law of minimum). There is, however, a con- 
stant renewal of fixed nitrogen from the atmosphere, from the decay of 
organisms and probably from water rising from the depths of the ocean. 
If Pseudomonas calcis.is an important agent in the precipitation of 
CaCOs;, its action is evidently more intense in places where calcium 
salts, nitrates and nitrites are carried from the land into the sea. 

That calcium carbonate is withdrawn from surface waters of the 
sea, is shown by chemical analyses. Dittmar® found an average of 
0.44% less calcium in surface waters than in deeper waters. This is 
true notwithstanding the fact that calcium carbonate is constantly 
being added to the surface waters. The drainage of the land contains 
an excess of calcium carbonate and flows out on the surface of the sea, 
where the water evaporates leaving the excess of CaCO; in the sea 
water. The action of organisms in building calcareous structures may 
account for a large part of the depletion of surface waters, but the pre- 
cipitation of calcareous mud at Tortugas has been observed by Vaughan. 

The analysis of the calcium content of sea water requires double 
precipitation, and filtration for separation from magnesium and hence 
large samples and great care are required for accuracy. ‘Theoretically, 
however, we may detect differences in calcium content by titration. 
Dittmar showed that except for H.O, calcium and gases, sea water is 
remarkably constant in composition. The water content may be 
determined by titration of the chlorides and the gases may be elimi- 
nated by boiling after the addition of enough acid to decompose the 
carbonates. If we disregard carbonic acid, there is an excess of bases 
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in sea water, 1.e., the sum of the base equivalents is greater than the 
sum of acid equivalents. Since calcium is added to or taken from sea 
water in the form of CaCO;, and change in the calcium content causes 
an equivalent change in the excess base or alkaline reserve, as it is 
called by chemists. . The alkaline reserve may be titrated while boiling 
the sea water to eliminate CO,. The exact value of the titration de- 
pends on the indicator used and the exact color of the indicator that is 
taken as the end point, hence only those titrations done in the same 
manner can be strictly compared. The titrations, used for the present 
paper were made by adding di-brom-o-cresol-sulphone-phthalein to 100 
cc. of sea water in a flask of resistance glass and titrating with 0.01 NV 
HCl, while boiling, until the purple color changed to yellow and did not 
become purple again after boiling for 5 minutes longer. The sides of 
the flask must not be allowed to dry as this would cause HCl to escape 
from the chlorides, due to the action of Magnesium. The results per 
liter were recorded and some titrations were made at 20° and others at 
30°, but the errors due to change in volume of the sea water is within 
the limits of accuracy of the method. If the sea water is diluted with 
rain water, the alkaline reserve will be lowered, but this error may be 
compensated by dividing by the chlorine content (grams chlorine per 
kilogram sea water). In other words: a change in the quotient of the 
alkaline reserve by the chlorine per cent indicates a gain or loss of 


(Opt 


ee Cle/z. Te x 10,000 
Sea water fromnsans Dieto.i@alan. =. sea 0.00235 18.7 4. 257 
Sea water from Woods Hole, Mass....... 0.00240 Way 1.356 
Gault; Stream,on (Miiami' las... 0.00250 19.9 1.257 
Gulf Stream, of Mortugas) Fla. eya20 0.00250 19.9 1 254 
Average, Tortugas, June and July........ 0.00247 20.0 1.235 
Average, Key West, June and July....... 0.00237 20.0 1.185 


The above table indicates that some CaCO; has been removed from 
Tortugas sea water, as compared with other sea water, and to a greater 
extent from Key West sea water. In other words, the precipitation 
observed by Vaughan is not due to a greater amount of calcium in 
Tortugas or Key West sea water but to local conditions which cause the 
precipitate to form. 

According to the law of mass action, in a saturated solution of CaCO; 
in sea water at constant temperature, salinity, etc., 


[(Ca’*] x [CO3”] = a constant. 
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Not all of the calcium is, however, in the form of CaCO; and Ca”, 
for some is undissociated CaCh, CaSO., Ca(OH)., and CaHCO;. The 
chlorides and sulphates are constant but [CaHCO;] and [Ca(OH),| 
change with the total CO, content of the sea water. But I have shown® 
that if the alkaline reserve remains constant, the total CO, of sea water 
(within limits found in nature) varies inversely with the pH ( = — log.H’ 
concentration). Hence the. determination of the pH may be substi- 
tuted for that of the total CO,. The determinations I have made of 
the water of the Pacific and North Atlantic showed the pH to vary 
from about 8.1 to 8.25 and those of Dr. A. G. Mayer in the Pacific 
showed only a little wider range (below 8). Earlier observations at 
Tortugas gave the same range, but my more extended observations 
made this summer demonstrate the inadequacy of a few determina- 
tions. The pH is influenced by plant and animal life and rises at 
Tortugas to 8.35 during the day over well-lighted bottoms rich in vege- 
tation, and falls to 8.18 during the night. It may be said, therefore, 
that conditions in shallow water over eel-grass or other sea-weed or 
corals (with symbiotic algae) favor the precipitation of CaCO3.’ 

The question arises whether the occasional high pH of Tortugas sea 
water is sufficient to explain the precipitation of CaCO;, or whether 
nuclei for the separation of the solid phase are necessary. A large 
amount of CaCl, may be added to sea water without causing a pre- 
cipitation. If the pH is increased by the addition of NaOH, the re- 
sult depends on the speed at which the alkali is added. If the NaOH 
is added suddenly in the form of a strong solution, colloidal precipita- 
tion membranes form about the drops and if the membranes are broken 
by shaking or stirring, a great mass of Mg(OH), is included in the pre- 
cipitate. Ifa very dilute solution of NaOH is added very slowly, CaCO; 
possibly contaminated with Mg(OH)s, is precipitated. The exact pH 
at which precipitation first occurs cannot be determined by this method 
as the first precipitation occurs before the solutions are mixed and the 
crystals thus formed serve as nuclei for further precipitation. If 
Tortugas sea water is kept in glass bottles, precipitation occurs on the 
glass while the pH. of the water is within the natural limits, but the pH 
at the glass surface is higher, due to solution of glass. 

Although the pH at which precipitation would occur without nuclei 
for the separation of the solid phase, may be practically impossible to 
determine, the final equilibrium with an abundance of nuclei is not a 
difficult problem. Calcite and aragonite crystals to serve as nuclei were 
produced by the methods of Johnston, Merwin and Williamson.? The 
crystals were examined under the microscope and tested with cobalt 
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nitrate solution. These observations, together with the mode of 
preparation, leave little doubt that the crystals actually were calcite 
and aragonite. Under the microscope an occasional calcite crystal 
could be found among the aragonite crystals but the number was not 
sufficient to affect the cobalt nitrate test. These calcite crystals appar- 
ently grew slightly during the experiments but apparently no new ones 
were formed. To determine the equilibria, crystals were mechanically 
stirred or shaken with sea water in ‘nonsol’ flasks, six to fourteen hours 
at 30°, then the pH and alkaline reserve determined. 


At AGEL, 


RESERVE * 1/0000 


ALKALINE 


The results are shown in figure 1. The alkaline reserve is measured 
on the ordinate and the pH on the abscissa. The results of agitating 100 
grams of calcite crystals with a liter of sea water until equilibrium was 
approximately reached are shown by black rhombs in figure 1. If we 
draw a straight line from the intersection of the ordinates of pH 7.3 
and alkaline reserve 0.0023 to pH 8.8 and alkaline reserve 0.0009, the 
determinations with calcite will fall very close to it: This shows that 
sea water of the surface of the oceans of the whole world is supersaturated 
in respect to calcite. We may therefore conclude that suitable nuclei 
for the precipitation of calcite are absent or deficient in number. The 
solubility of crystals varies inversely with their size, but after they have 
attained sufficient size to be readily examined with low powers of the 
microscope, further increase has an unappreciable effect on solubility. 
But such crystals if present, would be rapidly precipitated to the bot- 


e 


OCEANOGRAPHY: J. F. McCLENDON 617 


tom of the sea, hence the absence of nuclei for precipitation of calcite 
is what one might expect. 

Aragonite is said to be about 10% more soluble than calcite, but no 
difference in the point of equilibrium of the two substances with sea 
water was detected in these experiments. ‘This may be explained by 
the facts that a few calcite crystals were mixed with the aragonite, 
equilibrium was only approximated and there were slight errors in the 
determinations. The results are shown by black rosettes in figure 1. 

During the rough weather, white calcareous mud is stirred with the 
sea water at Key West and to a lesser extent at Tortugas, and it was 
thought possible that the mud granules might form nuclei for precipi- 
tation and explain the low alkaline reserve at Tortugas and lower alka- 
line reserve at Key West. On agitating white calcareous mud, dredged 
from the bottom, with sea water, no definite equilibrium was reached, 
even at the end of four days. If the alkaline reserve was first lowered 
by removal of some CaCOs, it remained lower than if shaken with cal- 
cite and if normal sea water was used the alkaline reserve remained 
higher than with calcite. It was thought possible that the grains were 
covered with an impenetrable film of organic matter; so some mud was 
dried and powdered in a mortar in order to break the pieces and form 
fresh surfaces, but similar results were obtained with this. The results 
are shown by black circles in figure 1. 

If mud was mixed with an equal weight of calcite, the results were 
the same as with pure calcite, as shown by the black dumb-bells in figure 
1. This mud and calcite on standing in sea water for thirty days had not 
changed to calcite. All these facts tend to show that the particles in the 
mud are in some way retarded or prevented from getting into equilibrium 
with the water. 

In order to be sure of clean surfaces of natural calcareous substances, a 
specimen of coral, Maeandra clivosa, was ground and powdered in a 
mortar and agitated with sea water in the same manner as in previous 
experiments. The results were similar to those with mud, as shown by 
the white circles in figure 1. 

There seems to be a more soluble form of calcium carbonate (the p 
CaCO; of Johnston), but since it cannot be obtained in a pure state, 
no attempt was made to prepare it. One experiment, however, was 
made with a precipitate of CaCO; that appeared as spherical grains 
under the microscope. It was agitated for twelve hours with sea water 
and the alkaline reserve was 0.0022 at pH 7.95. No further experiments 
were made to determine whether equilibrium had been approximated. 
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These experiments clearly show that the surface water of the sea is a 
supersaturated solution of CaCO; and it is only necessary to introduce 
calcite crystals in order to cause considerable precipitation of this sub- 
stance. Precipitation goes on in the bodies of organisms in the surface 
waters of all seas. ‘The precipitation observed by Vaughan at Tortugas 
is very finely divided, but whether it was formed in the bodies of minute 
organisms, which subsequently died, has not been determined. Such 
particles might slowly grow, since the agitation of them with sea water 
was found to take a trace of CaCO; out of the water. Small crystals 
have been seen in the bodies of Protista, and whether they are CaCO; 
or not, they might form nuclei for the precipitation of CaCOs if released 
into the sea water. 

In some experiments in liter flasks of resistance glass, filled into the 
neck (and hence admitting of but slight loss of CO.) the pH and alka- 
line reserve was determined immediately before and after agitation 
with calcite, and the loss of CO, from the sea water calculated from the 
pH and from the loss of CaCO; (alkaline reserve). 


CALCULATED LOSS OF CQ»2 


SEA WATER pH TOTAL CO2 aera pment re ES 
From pH | From alk. res. 
Before agitation with calcite............| 8.2 44.5 | 0.0025 6 O72 
Mteragitation: with calcite..:.5... 00: TOF 38.5 ~|-0.0019 
Beforeagitation with calette,..0%.... 22240 6e25 43.8 »}| 0.00250). 1658 ‘Qi 


Afteravitation with Galeites....5 5 oe Ve 37.0 | 0.00185 


In the above table, the agreement is very striking in view of the 
probable error in determination of pH and the liability to loss of CO, 
from the water surface in the neck of the flask, agitated by the rotary 
Stiiter: 

If the pH of sea water should be maintained (by the action of plants) 
at 8.2 while it was agitated with calcite crystals, the loss of CaCOs 
would be about 0.001 N, or 0.0005 M, or 0.1 gram per liter. This 
would cause a deposit of 10 kgm. per square meter of bottom in water 
100 meters deep. This would cause a lowering of the calcium content 
of Tortugas sea water by about 4.5%. 


1 The Depths of the Ocean, London, 1912, p. 178. 

2 These PROCEEDINGS, 2, 1916, (28). 

3 Washington, Carnegie Inst., Pub. No. 182, 1914, (Tortugas Lab., vol. 5). 
4 Depths of the Ocean, p. 368. 

5 Voyage of H. M.S. Challenger, Physics and Chemistry, vol. 1. 

6 McClendon, J. Biol. Chem., Aug., 1917. 
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7It would be interesting to know whether corals and calcareous algae deposit as much 
CaCO; in the dark as in the light. Corals from deep water are smaller, more fragile, and 
deposit less CaCO; than those of shallow water, but the same is true of animals without 
symbiotic algae. The deposition is, however, related to the pH, since Palitzsch has shown 


that the pH decreases with depth. 
3 Amer. J. Sci., New Haven, 41, 1916, (473). 


AN OENOTHERA-LIKE CASE IN DROSOPHILA 


By Hermann J. Muller 


THE RICE INSTITUTE, HOUSTON 
Communicated by T. H. Morgan, September 14, 1917 


Although the large bulk of the Drosophila work has been remarkably 
self-consistent, and amenable to orderly and definite rules of factor trans- 
mission, yet from the outset the ideal scheme has been confronted with 
“two unconformable cases. These are the cases of beaded wings and of 
truncate wings, both of which seemed to belie the idea of clear cut 
segregating gens. In the case of beaded wings, which will be briefly 
reported here,! many generations of selection were carried out by Mor- 
gan with the purpose of obtaining a pure breeding stock, yet for several 
years it was impossible to attain this object. The character showed all 
the peculiarities which would be expected as a result of factor fluctua- 
tion and miscibility. It was increased in intensity as a result of selection 
yet its essential variability remained, and the latter was proved by 
crosses to be genetic, for Morgan found that reversed selection produced 
a marked and immediate retrogression in the proportion of beadeds 
thrown. Finally, however, he did obtain a race which threw no nor- 
mals, but the reason for this change in behavior seemed now just as 
difficult to discover as the cause of the previous variability. On crossing, 
various apparently irregular results and aberrant ratios followed., 

The work of Dexter, which showed that environmental conditions and 
factors in both the second and third chromosomes are all concerned in 
the development of this character, provided valuable information for the 
present investigation. Starting from Dexter’s finding that there was a 
chief factor for beaded in chromosome III? an attempt was made by the 
writer to find the precise location of this gen. It proved to lie at the 
extreme right hand end of the known factors in the third chromosome, 
being two and a half units beyond the factor for rough eyes, which is 
otherwise the furthest factor to the right. It was found also that the 
apparently pure beaded stock is not homozygous for beaded, but in 
reality contains two very different kinds of third chromosomes. It was 
by investigating this phenomenon, with the aid of the data secured in 
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the linkage study, and by dissecting, by means of crossing over, each of 
these two kinds of chromosomes separately, that a complete explanation 
of the beaded case was finally obtained. It would be impossible here to 
give even an outline of the detailed steps of analysis, but the following 
are the concrete results and theoretical conclusions which have been 
arrived at. 

1. The difficulty which was experienced in getting pure stock was 
due to the fact that the chief factor for beaded—B q’—s lethal, killing all 
flies homozygous for it. Heterozygous beadeds are not killed but 
usually show the beaded character. Thus B,’, like yellow in mice, is 
dominant for its visible effect and recessive for a lethal effect. The 
dominance of B,’ is variable, however. 

2. The reason that a race which bred true to beaded was finally se- 
cured is not because a condition of homozygosis was at last estab- 
lished, but, on the contrary, because of the establishment of a state of 
enforced heterozygosis, wherein not only the homozygous beadeds but 
also the homozygous normal winged flies were prevented from hatching. 
This was due to the appearance, by mutation, of another lethal factor, 
li;, 1n that third chromosome of the impure stock which contained the 
normal allelomorph of Ba’. This lethal, like Ba’, kills all flies which 
are homozygous for it, although, unlike B,’, it has no visible effect when 
it is heterozygous. Since, in the flies of this heterozygous race, it arose 
in the chromosome containing the factor for normal wings, no homozy- 
gous normals will be able to appear except those in which ly, has been 
separated by crossing over from the normal allelomorph of Ba’. The 
usual amount of crossing over between these loci of ly;, and of Ba’ is 
10%, as ly, was found to be 10 units to the left of Ba’. On this basis 
it is to be expected that the selected beaded stock would throw 90% 
beaded flies and 10% normal winged crossovers. 

3. In this selected stock, however, not even 10% of the flies have 
normal wings, because of the existence of another mutant factor, C’, 
which almost entirely prevents crossing over in the region of the chromo- 
some in which ly, and Ba’ lie. Iyy,,. on this account, always remains 
with the normal allelomorph of B,’ and all the homozygous normal 
winged, as well as the homozygous beaded flies are thus prevented from 
appearing. It should be noted that the factor C’, too, always remains 
heterozygous, for it is contained only in the chromosome having ly; , and 
the normal allelomorph of Ba’, not in the chromosome with Bua’ itself. 
This state of heterozygosis for C’ is also a necessary condition for the 
mechanism whereby only beaded flies are produced, since C’ produces its 
inhibition of crossing over only when it itself is heterozygous. Aside 
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from its influence on crossing over, no other effect of this factor has 
been discoverable. The locus of C’ is within 10 units of that of sooty 
body color, being to the left of the locus of ly; ;, and to the right of the 
locus of kidney eyes. C’ probably existed in the chromosome of 
beaded stock now containing it before ly, arose in that chromosome 
by mutation. 

4. This remarkable genetic situation, wherein both types of homo- 
zygotes are prevented from appearing by the action of lethal factors 
lying in opposite chromosomes, may be termed a condition of ‘bal- 
anced lethal factors.’ Surprising as it may seem, it appears that 
such a condition is no mere ‘freak of nature,’ and that it is apt to arise 
wherever dominant mutant factors exist which either have some nat- 
ural survival value, or have, like beaded, been artificially selected for. 
This conclusion is based upon the following experimental results and 
theoretical considerations. 

(a) In an attack upon this question, an investigation was undertaken 
by the writer to determine how generally dominant mutant factors of 
Drosophila are lethal when homozygous. ‘There were nine dominant 
mutants known (excluding the intensifiers of beaded and truncate), 
and they were distributed equally among the three large chromosomes. 
The viability of the three sex-linked dominants was, of course, already 
known; the remaining six dominants were tested. In all, it was found 
that three of the nine are not lethal, one (in chromosome III) is semi- 
lethal, and five (one in chromosome I, two in II and two in III) are com- 
pletely lethal when homozygous. Thus it is a phenomenon of common 
occurrence in Drosophila for dominant mutant factors to be lethal when 
homozygous. 

(b) It would be very far fetched to assume that the natures of the 
characters produced by dominant factors differ as a class from those 
produced by recessives. We must therefore believe that lethals are 
very frequent among recessive factors also. It should be noted, how- 
ever, that in the case of recessive factors a lethal action prevents or 
greatly hinders their discovery, whereas with factors dominant in re- 
spect to some visible character, a lethal effect, when homozygous, does 
not interfere with their being detected; for this reason it is quite in 
accord with expectation that a much smaller proportion of lethals has 
actually been found among the recessives than among the dominant 
mutants. The evidence for the frequency of origin of recessive Jethals 
is not entirely by analogy, however, for in the case of sex-linked factors 
the discovery of lethals is easier, owing to their effect upon the sex ratio, 
and here a considerable number of lethals has in fact been found, by 
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various observers. Following up, now, our original inference regarding 
the high frequency of lethals among recessive mutants, it should further 
be pointed out that since recessive mutants as a class are much more 
numerous than dominant mutants, recessive lethals also should arise 
much oftener than dominant ones. 

(c) It now remains to join these two results together in one conclusion. 
Suppose that a race already contains a dominant mutant factor which 
is favored by selection. Firstly, as shown in (a), this is likely to be 
lethal when homozygous. Then, as shown in (b), it is likely that a 
recessive lethal will some time, in some line of individuals, arise by 
mutation in the opposite chromosome. Since the first factor is being 
selected for, and the presence of this second lethal will cause the pro- 
duction of a smaller proportion of individuals not showing the desired 
dominant character, the line containing the second lethal in addition 
will tend to be selected. Thus a condition of balanced lethal factors 
will automatically become established, just asit did in the case of beaded 
wings. Factors which prevent crossing over, or balancing lethals which 
cross over less frequently with the desired dominant, will of course also 
be favored by selection, provided they occur, for the less crossing over 
there exists between the two balanced factors, the more perfect is the 
balance and the greater is the proportion of individuals showing the 
advantageous character. The frequency of factors like C’ is however 
unknown, although they have been discovered in nearly a dozen stocks 
of Drosophila. In the case of the beaded stock, the presence of C’ seems 
to be just a happy coincidence, as it probably existed there before 
li, arose. But, however that may be, it is evident that the present 
case 1s but a special instance of a general class of cases of balanced lethal 
factors that will probably confront the geneticist in increasing numbers.’ 

5. What will be the distinguishing characteristics of races in this 
condition? (a) In the first place, crosses of these varieties to other 
races will result in the production of hybrids of two types, according to 
which of the chromosomes of the balanced pair they receive. Thus, 
flies of beaded stock crossed to normal give 50% beaded and 50% 
normal in F;. In cases where one of the lethal containing chromosomes 
is not dominant to the chromosomes of the foreign race in any ‘visible’ 
factor, one of these hybrids (in our case the normal) will appear to 
breed true, while the other will show segregation in subsequent genera- 
tions. By introducing other mutant factors besides into the balanced 
chromosomes of beaded stock, these results were made more striking 
and made to apply to a number of different characters at once. 

(b) Still more unusual results canbe and were obtained by crossing a 
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balanced race with another which also contained lethal factors (either 
the same or different in nature and grouping). In such cases not only 
twin but also multiple hybrids may be produced, that may or may not 
be constant. The results, however, always came out according to the 
prediction based on knowledge of the factorial composition of the flies. 
One such result which was especially noteworthy was a prearranged 
cross in which a dominant character present in one of the parent flies 
was caused to disappear completely, being absent from all the progeny 
of the cross and all subsequent generations. 

(c) A lowered productivity is of course noticeable 1 in balanced races, 
owing to the action of the lethal factors. 

(d) In stocks in which other recessive mutant factors had been in- 
troduced into one or other of the chromosomes containing the lethals, 
these factors, of course, usually failed to manifest themselves, owing 
to the enforced heterozygosis. Occasionally, however, one or more 
crossed over from the lethal factor with which it was bound, and so 
was enabled to become homozygous. As crossing over occurs with pre- 
dictable frequencies, these individuals showing characters abnormal 
to the stock were thrown continually in a definite, very small per cent 
of cases. ‘This caused the stock to appear ‘eversporting.’ Crossing 
over between the lethal factors themselves also occurred very rarely, 
giving rise to individuals no longer exhibiting the unusual genetic be- 
havior due to balanced lethals. 

6. The striking parallel between the above behavior and that exhib- 
ited in Oenothera make it practically certain that this, too, is a com- 
plicated case of balanced lethal factors, and that some (if not most) of 
the so-called mutations in O. lamarckiana are but the emergence into a 
state of homozygosis, through crossing over, of recessive factors con- 
stantly present in the heterozygous stock. Proof of the spuriousness of 
some of the mutations in Oenothera is, however, not an argument against 
the validity of the modern mutation theory; the fact of real mutation 
has been amply demonstrated in Drosophila as well as elsewhere, and 
it should be emphasized that these mutations can here be distinguished 
with certainty from the superficially similar phenomena that are ob- 
servable in the beaded stock, because the genetic constitution of the 
flies can be analyzed in detail. 

In Oenothera a form of the balanced lethal explanation was suggested 
by de Vries only to account for his double reciprocal crosses, but it is 
evident from the analogy of the beaded case that it probably lies at the 
root of nearly all the unusual genetic phenomena of the genus. The 
two cases differ in detail, however, in that one or more of the lethals in 
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Oenothera produce their effect upon the gametes, rather than upon the 
zygotes. 

Double throwing stocks (Matthiola) present another case of balanced 
factors. ‘This too differs in detail from the beaded case, for one of the 
factors acts very early, producing its lethal effect directly upon the 
gametes (pollen), as in Oenothera, whereas the other, although it affects 
the zygotes, does not act as a lethal to their soma, but merely causes 
their sterility. It is this factor which causes the double flower. 

7. The condition *of balanced lethal factors must slowly lead to a par- 
tial degeneration of the chromosomes containing these lethals. For 
any new lethal recessive factors that arise in these chromosomes will 
never have the opportunity of becoming homozygous and producing 
their harmful effect, and so there will be no cause for natural selection 
to eliminate them. Lethal recessive mutant factors of all sorts (in- 
cluding ‘ deficiencies’) will therefore gradually accumulate in the chromo- 
somes of the affected pair. Moreover, although ly; 1 is the first lethal 
recessive which has been found in an autosome of Drosophila, theoreti- 
cal considerations and the experiments above reported lead to the con- 
clusion that in the course of time the number of such mutations will 
have been not inconsiderable, as they probably form a large proportion 
of all the mutations that occur. For similar reasons, chromosomes of 
stocks which are continually outcrossed, and the Y-chromosome in all 
species containing it, should undergo degeneration, because these 
chromosomes, too, are always protected, by heterozygosis, from the 
action of natural selection. 

8. Not only are mutants of an undesirable nature not eliminated 
from balanced chromosomes by natural selection, but recessive mutant 
factors of a desirable type also are prevented from becoming homozy- 
gous and producing their effects, and so they cannot be selected for. 
On account of this latter circumstance, evolution is hindered in these 
varieties. As each chromosome of the balanced pair degenerates, 
however, it must gradually lose the dominant normal factors that pre- 
vented recessive mutant allelomorphs in the opposite chromosome 
from manifesting themselves. The balanced races might, moreover, 
eventually return completely to a condition of normal genetic behavior, 
owing to the occurrence of doubling or non-disjunction, which might 
make two normal pairs of chromosomes out of one balanced pair. 

9. The inheritance of beaded is complicated not only by balanced 
lethal factors, but also by a modifiability of the character under the 
influence of environmental conditions, and by multiple factors. A 
number of the well known mutant factors for totally different characters 
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than beaded have been found to intensify or inhibit the development 
of the latter, and there is besides, as Dexter has shown, a factor in 
the second chromosome of the selected beaded stock itself which has no 
visible effect other than to increase the degree of beading. ‘This must 
have arisen by mutation and have been perpetuated in the process of 
selection. Crosses made in the course of the present work have shown 
that this intensifier, Ipq’, is partially dominant, but is not a lethal, and, 
in contrast to the other factors involved in beaded stock, that it exists 
here in homozygous condition. At least one mutant factor has also been 
found, by the writer, which can produce a character similar to beaded 
even when the factor Ba,’ itself is not present; this mutant is not or- 
dinarily present in beaded stock, however. All the facts of the present 
section may be summed up in the single generalization that beaded is a 
character depending upon a developmental reaction that is readily 
modifiable. 

The complete formula of the selected beaded race, representing all the 
pairs of factors wherein it differs from the wild type, may now be given: 


/ / ! 
us By C lr Bg 

/ / / 
Le By C'lrrr 1 5g 


10. The beaded case illustrates to great advantage the danger of 
confusing characters with gens and of drawing radical conclusions 
concerning the behavior of gens on the basis of uncritical experiments. 
The work of the first four years upon the inheritance of beaded wings 
gave evidence which would to many have appeared most elaborate and 
convincing, that the hereditary material in this case was fluctuating 
and miscible, consisting of vague and plastic “tendencies,” rather than 
definite physical particles. Precise analysis, of a sort comparable to 
that of chemistry, has, however, been possible here, and it has demon- 
strated that a very different set of processes from those that might 
have been imagined is responsible for the peculiar results—processes 
which in their essence conform strictly to the genotype conception. 

It will accordingly be necessary in other cases also not to accept 
evidence apparently in favor of factor incons:ency until factorial analy- 
ses of a similarly rigorous character have proved such an interpretation 
to be correct. <A similar criticism applies to the acceptance of results 
that seem to be non-Mendelian; and also to the incautious estimation 
of apparent mutations at their face value. ‘Non-Mendelian’ results 
of all kinds and also ‘mutations’ may be prearranged and brought 
about at will with the beaded flies, but here analysis has made the 
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Mendelian machinery at work evident. Unwelcome as these conclu- 
sions may sound to obscurantists and to those in general who have an 
antipathy for exact modes of procedure, the necessity for such refined 
methods here should be obvious. In particular, it will be desirable to 
examine more intensively those cases which show the characteristics 
described in Section 5 for balanced lethal factors. 

1 The full account of this case will appear subsequently, and also an account, by Alten- 
burg and Muller, of the truncate case. 

2 Sturtevant also had performed certain linkage experiments in which beaded was pres- 
ent; these showed that it was well on the other side of sooty from pink. 


3 Since the above has gone to press, a case in Campanula which may be due to bal- 
anced lethals has been reported by Miss Pellew in the Journal of Genetics. 


IS DEATH FROM HIGH TEMPERATURE DUE TO THE ACCUMU- 
LATION OF ACID IN THE TISSUES? 


By Alfred Goldsborough Mayer 


DEPARTMENT OF MARINE BIOLOGY, CARNEGIE INSTITUTION OF WASHINGTON 
Communicated September 12, 1917 


I find that there is a converse relation between the rate of oxygen 
consumption in reef corals and their ability to resist high temperature, 
those corals which are most readily killed by heat having the highest 
metabolism (rate of oxygen consumption). 


RELATIVE RATE OF OXYGEN 
CONSUMPTION PER GRAM 
OF LIVING SUBSTANCE IN 


; CONSTANT TEMPERATURE 
NAME OF CORAL EXPOSURE TO WHICH CAUSES 
DEATH IN ONE HOUR 


EACH CORAL 
nee 
Acroporasmuncatacg. Oss crce feel ane 34.7 18.7 
Orbicellatannulatis olin 6 ees eee ee 35.60 6.1 
Macandra areolaittas.22))/atio toes ene ee 36.80 5:5 
OPIN a ryder a has ela arene rR. ys GRMcys eyemea men et a 37.05 38 
Siderastrea radianssaseeias. ne = 38.20 130F 


* At 28.5°C. 1 gram of living substance of Siderasirea radians consumes 0.0256 cc. of 
oxygen per hour. The oxygen being measured at 0°C. and 760 mm. pressure. 

Also, if sea water be super-saturated with carbon dioxide gas, the 
toxic effect is in the same sequence as that of high temperature. That is 
to say, those corals which are readily killed by heat are also correspond- 
ingly easily killed by HeCOs. 

This toxic effect of carbon dioxide is not due to its replacing some 
of the oxygen of the sea water, for I find that corals are remarkably 
insensitive to a reduction in the oxygen supply, all species except 
Acropora living more than eleven hours in sea water under an air pump 
which reduced the oxygen to less than 5% of that of normal sea water; 
and even Acropora can withstand six hours of this treatment. 
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We know, indeed, from the studies of M. Henze that sea anemones 
use less oxygen the less its concentration in the sea water, and in 1917, 
J. F. McClendon found that the medusa Casszopea can survive without 
apparent injury for more than seven hours in the absence of oxygen, 
and during this time does not give out CO. Thus these ccelenterates 
can temporarily suspend their metabolism for a protracted period if 
oxygen be absent. 

Winterstein’s theory that death from heat is due to asphyxiation 
appears to be refuted by these experiments. 

E. N. Harvey, 1911, found that if the sea water be heated the rate 
of nerve conduction in Cassiopea augments in a right line ratio up to a 
certain point and then rapidly declines just before death ensues. 

In 1917, I found that this temperature curve, up to its maximum 
point, has no time factor. That is to say, the rate at 35°C. is the same 
whether the medusa be placed at once in 35°C. or warmed slowly for 
several hours until it arrives at this temperature. Moreover, the 
normal rate for 29° is regained almost immediately when the medusa is 
replaced in this normal temperature. 

When the rate is declining, due to injuriously high temperature, how- 
ever, I find that a time factor is involved, the decline becoming more 
pronounced as the heat is continued. Also, if after this the medusa is 
replaced in sea water of 29°C., its former rate is much reduced and 
may never be recovered, although if exposure to the heat was not 
too long or the heat not too excessive, a slow recovery is usually ob- 
served so that after a few hours the rate may again become normal. 

It will be recalled that Harvey, 1911, advanced the theory that some 
enzyme might be destroyed. by the excessive heat, and being essential 
to nerve conduction, its loss caused the rate to decline. 

Our experiments however make it seem more probable that some toxic 
acid substance, possibly lactic acid or H2COs, is formed under the influ- 
ence of excessive heat. It is easy to see how an acid of this sort might 
be eliminated and the rate gradually restored when the animal is re- 
placed in normal sea water, whereas if an enzyme were destroyed it 
might not so readily be replaced. 

In any event one or the other of the above mentioned hypotheses 
seems more in accord with the facts than does Winterstein’s asphyxia- 
tion theory or the theory that death from heat is due to coagulation of 
proteid substances. ) | 

Death occurs at too low a temperature for coagulation in most if not 
all proteids; and when killed, the animals are fully relaxed as shown by 
Harvey. Moreover, coagulated proteins could not readily be eliminated 
when the animal was restored to water at normal temperature. 
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MEETINGS OF THE EXECUTIVE COMMITTEE 


The twenty-seventh meeting convened in the offices of the Council in the 
Munsey Building, Washington, D. C., on Wednesday, August 15, 1917, and 
was called to order at 6.00 p.m. by the Vice-Chairman, Mr. Millikan. 

Messrs. Bogert, Millikan, Stratton, Vaughan, and, by invitation, Durand 
and Mendenhall were present. 

Mr. Millikan presented a report from the Chairman of the Committee on 
Noxious Gases, recommending an additional appropriation of $662,900, 
which it is estimated will be required for gas warfare investigations for the 
fiscal year ending June 30, 1918. After discussion, these estimates for ex- 
penditures, which are additional to the original allotment of $175,000 recom- 
mended for such investigations at the meeting of the Executive Committee of 
the Council on May 28, were approved and the Vice-Chairman and Executive 
Officer of the Council were requested to transmit them with such approval 
to the Secretary of War and to the Secretary of the Navy. 

The twenty-eighth meeting convened in the offices of the Counci! in the 
Munsey Building, Washington, D. C., on Wednesday, August 22, 1917, and 
was called to order at 9.10 a.m. by the Vice-Chairman, Mr. Millikan. 

Messrs. Bogert, Carty, Chittenden, Millikan, Noyes, Pupin, Stratton, 
Vaughan, and, by invitation, Durand were present. 

The minutes of the meetings of July 31 and August 15 were read and 
approved. . 

Upon motion the Committee approved the action of the Chairman of the 
Council in appointing a special committee to meet once a week to consider 
questions relating to the conduct of affairs of the Council in intervals between 
meetings of the Executive Committee; the membership of this committee to 
consist of Mr. Millikan, chairman, and Messrs. Bogert, Durand, Mendenhall, 
Stratton and Vaughan. 

It was also voted that the minutes of the meetings of this special committee 
be duplicated and distributed regularly to members of the Executive 
Committee. 

Explanation was made of the financial business of the Council and state- 
ments were submitted of the balances available in its three bank accounts. 

Mr. Pupin invited discussion relative to relations which may exist be- 
tween the National Research Council and the Engineering Foundation after 
the termination of the present agreement on September 20, 1917, by which 
the income of the endowment of the Engineering Foundation is made avail- 
able for purposes of the Council. After lengthy discussion the following 
statement expressive of the appreciation and opinion of the Executive Com- 
mittee in this matter was approved and ordered for transmission to the 
Engineering Foundation: 
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As the year for which the cooperative arrangement was made between the En- 
gineering Foundation and the National Research Council will soon expire, the Re- 
search Council wishes again to record its high appreciation of the liberal financial 
and personal assistance which the Foundation and its members have afforded in 
the organization and support of the work of the Council in this first year of its ex- 
istence. It seems exceedingly desirable to maintain the close relation between 
engineers and research workers which the Research Council has for the first time 
succeeded in establishing. Accordingly the Council wishes to express the hope that 
it may be practicable to continue some effective form of cooperation between the two 
bodies and it would be glad to appoint representatives to consider this matter with 
men designated by the Foundation. 


Mr. Durand submitted a report from the special committee appointed at 
the meeting of the Executive Committee of July 31st to confer with representa- 
tives of the U. S. Patent Office with regard to the possible cooperation of the 
Council in questions of organization and conduct of affairs of this Office. 

After extended discussion relative to the advisability of undertaking such 
work in the present national emergency it was voted, upon motion of Mr. 
Noyes, that the special committee in question be requested to confer with 
the new Commissioner of Patents, when appointed, to emphasize the import- 
ance of the proposed work and to state the willingness of the National Research 
Council to cooperate with the Patent Office in such effective ways as may be 
available; but at the same time to call attention to the large scope of the 
project and the inability of the National Research Council to cope with the 
financial considerations involved. 

Upon motion it was decided to issue a new descriptive pamphlet relative to 
the work and organization of the Council, the Executive Officer of the Council 
being requested to appoint a special committee to consider and expedite this 
work. 

Mr. Vaughan, as Chairman of the Committee on Medicine and Hygiene, 
presented the following resolution adopted by the Sub-Committee on Psy- 
chiatry of this Committee: 


The nervous diseases grouped under the term ‘shell shock’ constitute a new and 
very important medical problem of war. They are responsible for fifteen per cent 
of discharges for disability from the British Army. Soldiers with these disorders 
present difficult problems in diagnosis and treatment and constitute a large propor- 
tion of those who after long continued hospital treatment become pensioners. 
These disorders in troops at the front are seriously prejudicial to discipline, morale 
and military efficiency. In spite of the extraordinary prevalence, very little is 
known about their physiological or psychological basis. The research which has 
been carried on since the war began has been seriously retarded by the stress of war 
conditions and little has been accomplished in any of the European armies. 

As the American Army is certain to suffer no less severely from these disorders 
than the armies of our Allies, it is essential to secure without delay more informa- 
tion than we now possess as to their causes, nature and best methods of treatment. 

With this object in view, it is resolved that the National Research Council be 
requested to permit this Sub-Committee to organize a Commission and to establish 
an experiment station in France for the study of ‘shell shock’ and to secure funds 
to meet the expenses of the work of this Commission. 
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Upon motion this request of the Sub-Committee on Psychiatry was ap- 
proved, with the understanding that funds to meet expenses of the proposed 
work be secured from other sources. | 

Mr. Durand presented a request for an allotment of $250 for incidental 
expenses in connection with experiments being undertaken by Messrs A. M. 
Hunt and Cary T. Hutchinson on the production of artificial spray in which. 
to envelop ships for purposes of protection. He pointed out that this investi- 
gation 1s a very promising one and has the approval and cooperation ot the 
Ship Protection Committee of the Emergency Fleet Corporation. Upon 
motion, an allotment of $250 was made for this purpose, to be expended from 
the funds of the Council which have been deposited with the Engineering 
Foundation. 

Mr. Bogert, Chairman of the Chemistry Committee, submitted a general 
statement relative to the work of this Committee, and upon his recommenda- 
tion the following additional appointments were made to membership in Sub- 
Committees: 


Sub-Committee on Chemistry of Fuels: W. A. Hamor, W. E. Vawter, and E. R. 
WEIDLEIN, all of the Mellon Institute of Industrial Research, Pittsburgh, Pa. 

Sub-Committee on Chemistry of Leather and Tanning: F. P. Vetrcu, U. S. Depart- 
ment of Agriculture. 

Sub-Committee on Chemistry of Dye-stuffs: Marx Hirscu, 50 East 41st Street, 
New York, N. Y. 

Sub-Committee on Organic Chemistry: RocER Apams, University of Illinois, Ur- 
bana, Illinois. 


After discussion, upon motion of Mr. Noyes, it was decided to discontinue 
the Committee on Nitrate Supply of the Council and to organize a new Com- 
mittee on Nitrogen Fixation as a Sub-Committee of the Chemistry Committee. 

A report was read from the Chairman of the Psychology Committee de- 
scriptive of the organization and progress of psychological work which has 
been obtained in relation to military activities and, upon motion of the Chair- 
man of the Committee, the following Sub-Committees were appointed: 


Sub-Committee on Methods for the Psychological Examining of Recruits: Chair- 
man, R. M. Yerkes; W. V. BincHam, H. H. Goparp, T. H. Hatnes, L. M. TERMAN, 
T. L. Wetts, G. M. Wuippte. 

Sub-Committee on Tasks of Special Skill: Chairman, E. L. THornpike; J. C. 
CuapMaN, T. L. Kettey, W. D. Scott. 

Sub-Committee on Problems of Aviation, including the examination of aviation 
recruits: Chairman, H. E. Burtt; W. R. Mires, L. T. Trovanp. 

Sub-Committee on Incapacity, Reeducation and Vocational Training: Chairman, 
S. I. Franz; K. S. Lasuitty, J. B. Watson. 

Sub-Committee on Visual Problems: Chairman, RAyMonD DopcE; R. P. ANGIER, 
H. A. Carr, L. R. GeissLer, S. P. Haves, G. M. Stratton, L. T. TROLAND. 


Communications received from the Chairman of the Geology and Paleon- 
tology Committee were presented and, after consideration, the following 
actions were taken: 
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Epwarp B. Matuews, of Johns Hopkins University, was appointed as Chair- 
man of the Sub-Committee on Roads and Road Metals, to replace Dr. William B. 
Clark, deceased. 

BasHrorD Dean, Curator at the Metropolitan Museum of Art, was appointed 
a member of the Geology and Paleontology Committee. 

A Sub-Committee was appointed, to be known as the Pacific Coast Sub-Committee 
on Geology, with the following membership: Joun C. Merriam, Chairman; D. M. 
Fotsom, J. C. Jones, HENry Lanpes, A. C. LAwson, GEeorcEe D. LouDERBACK, WARREN 
D. SmitH, BatteEy WILLIs. 


The Vice-Chairman reported that W. P. Wilson, Director of the Com- 
mercial Museum, Philadelphia, Pa., has accepted appointment as a member 
of the Botanical Raw Products Committee of the Council, but that John 
C. Teeple has found it impossible to become a member of this Committee. 

A statement was also read of the proposed work of this Committee, as well 
as a proposed budget of the annual expenses for the organization of such work. 

Mr. Durand submitted a statement relative to the work of the Engineer- 
ing Committee of the Council and referred particularly to consideration which 
has been given to the question of steel body armor and the probability that 
this work may be extended and organized. 

Mr. Millikan submitted a report concerning the question of the detail of 
drafted men for special technical services in the army. He mentioned re- 
quests which have been received from France for groups of scientists to work 
in foreign laboratories and to undertake certain researches under the auspices 
of the U. S. Signal Corps. He reported that the following additional recom- 
mendations had been submitted to the Chief Signal Officer relative to the 
organization of work in meteorology and sound-ranging: 


1. That Major E. H. Bowie be appointed American Forecaster in general mete- 
orology in France to work in close cooperation with the French Military Meteor- 
ological Service, with headquarters which will probably be at Paris. 

2. That Dr. William H. Blair be placed in full charge of the Aerological Service 
of the Army both in the United States and at the Front. It is understood that this 
work involves surface observations as well as upper air observations. 

3. That after the preliminary organization of the aerological work in this coun- 
try, as outlined in the subjoined recommendations, Dr. Blair proceed at once to 
France to study the conditions and organize the American Aerological Service 
there. 

4. That Major Bowie proceed at once to France to begin work in connection with 
the French Forecasting Service. 

5. That Mr. R. Hanson Weightman be commissioned as a First Lieutenant and 
assigned as an assistant to Major Bowie in forecasting work in France. 

6. That Prof. Theodore Lyman be commissioned as a Captain and Mr. Norman 
R. French be commissioned as a Lieutenant in the Signal Corps, Sound Ranging 
Service, and that Major Trowbridge accompanied by the above officers proceed to 
France at the earliest possible moment and report to Colonel Russell. 

7. That Dr. Herbert B. Williams be commissioned as a Captain in the Signal 
Corps, Sound Ranging Service, and that he be detailed to Princeton in charge of 
the construction work on sound ranging instruments during Major Trowbridge’s 
absence. 
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8. That Mechanician William Duryea be taken into the employ of the Signal 


Corps at a salary of $1500 per annum and that Mr. Sanford P. Wicks now enlisted | 


in the 3rd Ambulance Company, National Guards, State of New York, be trans- 
ferred to the Signal Corps and assigned to mechanical work under Mr. Duryea and 
that Major Trowbridge be authorized to hire one other man as a mechanic at cur- 
rent wages. 


The twenty-ninth meeting convened in the offices of the Council in the 
Munsey Building, Washington, D. C., on Wednesday, September 5, 1917, 
and was called to order at 4.30 p.m. by the Vice-Chairman, Mr. Millikan. 

Messrs. Bogert, Carty, Dunn, Millikan, Stratton, Vaughan, and, by invi- 
tation, Colpitts, Durand, Manning, Mendenhall and Yerkes were present. 

Mr. Millikan emphasized the importance of maintaining the Council as a 
centralizing agency for the activities of its committees and for the scientific 
interests which may be entrusted to it by various departments of the govern- 
ment. In this connection discussicn took place relative to the detail of drafted 
men for scientific services in the army. Further discussion led to a consensus 
of opinion, which was recorded in the form of a motion, that, as a matter of 
policy in submitting requests for the detail of such men, it would be advisable to 
secure their services as privates with the understanding that additicnal re- 
quest would subsequently be made for the appointment of a due proportion of 
them, as occasion demands, as commissicned officers. 

Discussion took place concerning a proposed organization of American 
engineers urgently requested by French officials for services at the Front. The 
Executive Officer of the Council was requested to confer with the Chief Engi- 
neer, U.S. A., and offer the services of the Council in this connection. 

Mr. Yerkes, Chairman of the psychology Committee submitted a report 
relative to the current development of the work of this Committee in con- 
nection with military needs. 

After explanation by the Executive Officer the name of the Committee on 
Noxious Gases was changed to read ‘‘Committee on Gases used in Warfare.”’ 
He also reported that upon order of the Surgeon General, U. S. A., Major 
Williamson, a member of this Committee, has been detailed for other duty and 
that Major Bradley Dewey of the U. S. Sanitary Corps has been appointed in 
his place as a member of the Committee on Gases used in Warfare. The 
Chairman of this Committee was furthermore authorized to appoint a repre- 
sentative of the Engineer Corps of the Army and to select a successor to Dr. 
Gatewood as additional members of the Committee. 

Upon motion of the Chairman of the Chemistry Committee the following 
were appointed as members of the 


Sub-Commitiee on the Chemistry of Fertilizers: F. G. CotTTRELL, Bureau of Mines, 
Washington, D. C.; Hoyt Gates, U.S. Geological Survey, Washington, D. C.; BAILEY 
E. Brown, Bureau of Plant Industry, U. S. Department of Agriculture, Washing- 
ton, D. C.; Jacop G. Lipman, New Jersey Experiment Station, New Brunswick, 
New Jersey. 


Cary T. Hutcuinson, Secretary. 
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A NECESSARY AND SUFFICIENT CONDITION FOR THE EXISTENCE 
OF A STIELTJES INTEGRAL 


By Gilbert Ames Bliss 


DEPARTMENT OF MATHEMATICS, UNIVERSITY OF CHICAGO 
Communicated September 12, 1917 


The purpose of this note is to suggest a proof of the following theorem: 
If u(x) is of limited variation and f(x) bounded on the intervala Sx Sb, 
then a necessary and sufficaent condition for the existence of the Sivelijes 


integral 
b 
J id (1) 


is that the total variation of u(x) on the set D of discontinuities of f(x) be 
zero. If U(x) is the total variation of u(x) on the interval ax, and a an 
interval with end points x1, x2, then by definition 


U(a) = U(x.) — U(x) 


and the total variation of u(x) on D is defined to be the greatest lower bound 


of the sums 
> U (os) 
k=1 


for denumerable sequences of intervals {ca} containing the points of D as 
interior points of the set which the intervals define. 

Let the interval ab be subdivided by points x; (¢ =0,1,.. ., 2) 
Win ti 0.4, — >, 0 <4;-—4%:1<5 @ =1,2,..., ), and let S 
denote the sum 


= De (X;) [uw (x;) —u (a;-) ]= Dwee A; u, 


where the values X; are arbitrarily selected in the intervals x,_1%,. 
; 633 
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Then a necessary condition that the sums S have a limit as 6 approaches 
zero is that 
lim )) O;| A; «| =0, (2) 
6=0 i=1 
where QO; is the oscillation of f(x) on the interval «;1”;. For it is clear 
that the values X; can always be selected for two sums S, S’ on the same 


partition so that the difference S — S’ is as near as is desired to the 
sum in (2). Hence if for every norm 6 a partition can be found with 


» O;| A; ul > >0, 


i=1 


then for every 6 two sums S, S’ can be found with |S — S’|> n, and 
this would contradict the existence of the limit (1). 

Let D, denote the closed set of points « where the oscillation O(«) of 
f satisfies the inequality O(a) = e, and let the intervals of S which con- 
tain points of D, as interior points be designated by the subscript 7. 
Then it is also necessary that 


lim >| A;«| =0. | (3) 
§=0 j 


For in every such interval O; =, and if for every 6 a sum as in (3) 
exists exceeding 7, a sum as in (2) can be found exceeding en. 

Consider now a function u(x) which is continuous as well as of lim- 
ited variation, and suppose that the integral (1) exists. Then if 6 
is sufficiently small the 7-intervals of S will be such that 


ZA; | <n. 
7 


Since u(x) is now continuous the sum S can be altered by the introduc- 
tion of new division points so that all the points of D are interior to 
the set of points defined by the sum of the j-intervals and the last 
inequality still true. Furthermore for the altered S it will follow that 


DA; U < 2n 
Jj 


provided that 5 is chosen so small that the total variation U(b) — U(a), 


and *, | Aw |,,and hence also the corresponding quantities for 
every sum of partial intervals of ab, differ by less than y. Such a 
choice is always possible when u(x) is continuous (Vallée Poussin, 
Cours d’Analyse Infinitésimale, vol. 1, 3d ed., p. 73). It follows then 


=. ey: 
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that the total variation of wu on the set D, must be zero, and hence 
also the total variation of u on the totality D of discontinuities of f(x), 
smce Dis the sum of the sets D,,, (7 =—1,2,... ). 

To prove the sufficiency of the condition of the theorem for a func- 
tion u(x) which is continuous, consider the two monotonically increas- 
ing continuous functions P(«), N(x) satisfying the relations (Op. cit., 
Dp: f2) 

u(x) — ula) = P(x) — N(x), U(x) = P(x) + NG). (4) 


If the variation of U(x) is zero on the set D then the same is clearly 
true of P(x) and N(x). Hence it is only necessary to prove the suf- 
ficiency for a monotonically increasing function P(x). If D can be 
enclosed in the interior of a denumerably infinite system of intervals 
on which the sum of the variations of P(x) is less than 7 the same is 
clearly true of its sub-set D,, and the latter is furthermore entirely 
interior to a finite number of the intervals since it is closed. (This 
follows from the Heine-Borel theorem. See, for example, Op. cit., p. 
60, Lemme I. ‘The proof is quite similar for a closed set or an interval.) 
The portion of ab remaining can be subdivided into intervals so small 
after D, is extracted that on each of them the oscillation of f(x) is less 
than 2e since on each such portion O(x) < e (Op. cit., p. 254, §242). 
For every 7 and ¢ a partition of ad is defined in this way for which 
the inequality 


>> 0;4;P S2M 4+2¢[P (b) —P(a)] 


i=1 


is true, where M is the upper bound of |f|onab. The first term on the 
right dominates the part of the sum for which the intervals contain 
points of D., while the second does the same for the remaining terms. 
Hence the lower bound of the sum on the left is zero. But this is a 
sufficient condition that the integral 7 


{sar 


exists, as may be proved by precisely the method usually applied to the 
integral of Riemann (Op. cit., pp. 250, 255). It follows with the help 
of (4) that the integral (1) exists since the same is true when w is re- 
placed by either P or N, and u (x) —u(a) =P —N. 

The only case remaining to be considered is that of a function u(x) 
of limited variation which has discontinuities. It is known that the 
totality of discontinuities of such a function is denumerable, and u(x) 
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is expressible as a sum 2(2) = v(x) + 7(x), where v(x) is of limited 
variation and continuous, and 7(x) is the ‘function of jumps’ 


j@= DD) [uQ-uE-O]l+ D [uE+0)-wO}. ©) 
a<i<z a<f<«x 
The sums on the right are taken in each case for all the discontinuities & 
satisfying the inequality below the summation sign, and are absolutely 
convergent. 

It can be shown first of all that if the integral (1) exists the discon- 
tinuities of f and uw are necessarily distinct. For suppose there were 
a discontinuity £ common to both with |#(é +0) — u(é — 0)| > n, 
O(é) > 7. On a sufficiently small interval §-—ASxSE§E+h 
the absolute value of u(é+ h) — u(é — h) and the oscillation of f 
would both exceed 7. Hence for every norm 6 there would exist two 
sums S and S’ coinciding except on this interval and such that 
|S — S’| > 7?, which contradicts the existence of the limit (1). If 
u(é —0) = u(— + 0) at a discontinuity £, sums contradicting the 
existence of the limit can be similarly constructed by using intervals 
having & as end point. 

In the second place the integral (1) with j(«) in place of u(x) always 
exists if the discontinuities of f and uw are distinct, and it has the 
value 


[faj=2/@luG+0)-u@-0)}, 6) 


the sum being taken for all discontinuities & of u(x) with the under- 
standing that uw(a —0) = u(a), u(b +0) =u(b). The series (5) for 
x = b converge absolutely, and it is possible to select a set of discon- 
tinuities & (k =1,2, ... ,m) so that the sum of the absolute values 
of the terms of (5) not involving the &’s is less than e, and the corre- 
sponding sum from (6) less than «eM. Consider now a sum S for the 
integral (6) with norm 6 so small that no two values & can lie in the 
same interval. The value of S is the sum of the terms of j(0) from (5) 
each multiplied by a factor of the form f(X) with |X — ¢!<6. The 
terms not involving the ~€,’s have a sum less than eM in absolute value, 
while those involving the &,’s will differ from the corresponding terms 
of (6) by less than eM, say, if 6 is sufficiently small since f is continuous 
at every & Hence for a sufficiently small 6, the sum S differs from the 
sum on the right in (6) by less than 3 «M, which proves the statement 
at the beginning of this paragraph. | 

It follows then that a necessary and sufficient condition for the in- 
tegral (1) to exist is that f and uw have no discontinuity in common, and 
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that the integral shall exist with v in place of w. For since u =v +] 
every sum S for uw is the sum of two similar ones for v and 7, and 
when f and wu have no common discontinuity the last has a definite 
limit as 6 approaches zero, as has been shown. This condition is, how- 
ever, equivalent to that of the theorem. For the total variation of u 
on an interval is the sum of the total variations of v and j, and the fact 
that the set of points common to two denumerable sets of intervals is 
itself representable as such a denumerable set, makes it possible to 
show that the total variation of wu on a set of points D is also the 
sum of the similar variations for v and 7.. Furthermore the total varia- 
tion J(x) of 7 is the value obtained from the series (5) by replacing 
each term by its absolute value, and on a set of points D contain- 
ing no discontinuity of wit is zero. For if the &,’s are a set of points as 
described above, a denumerable set A of non-overlapping intervals can 
be selected approaching each & as a limit on both sides and contain- 
ing all the points of ab except the &’s. This set of intervals will also 
enclose D in its interior since D contains no &;, and the sum of the total 
variations of 7 on A will surely be less than e. It is easy to see, con- 
versely, that when the variation of 7 is zero on D then the latter con- 
tains no discontinuity of wu. Hence the existence of the integral with 
vy in place of « and the conditions that f and w have no discontinuity 
in common imply that the total variation of u on D is zero, and con- 
versely, which was to be proved. 


TRANSFORMATIONS OF APPLICABLE CONJUGATE NETS OF 
CURVES ON SURFACES 


By Luther Pfahler Eisenhart 


DEPARTMENT OF MATHEMATICS, PRINCETON UNIVERSITY 
Communicated by E. H. Moore, September 24, 1917 


When the rectangular point codrdinates x, y, z of a surface satisfy 
an equation of the form 
2 
o% 08, 4 8 (1) 


Oudy ou dv 


the curves u=const., v=const. form a conjugate system. We assume 
that the parametric system of curves is of this sort throughout this 
note, and we shall speak of it as a net. Equation (1) is the point equa- 
tion of the net. 

If N is such a net, the coérdinates x’, y’, 2’ of a second net N’ are 
given by quadratures of the form 
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i a) ppt e/a (2) 
Ou Ou Ov Ov 


provided that /# and / are functions of w and v subject to the conditions 
a= ah), = b(h—D) Ley 
v 
Moreover, each pair of solutions h, 1 of these equations leads by quad- 
ratures to a net N’, such that the tangents at corresponding points M 
and M’ to the curves of the net are parallel. All nets parallel to N are 
obtained in this way. 
If @ is a solution of equation (1), and 6’ is the corresponding function 
given by 
00’ 08 0’ igh O80 


— = h— — (4) 
Ou ou dv Ov 
then the functions %, ¥:, 2: defined by equations of the form 
wm =x— ae (5) 


are the codrdinates of a net Nj, so related to N that the lines joining 
corresponding points M and M, of these nets form a congruence whose 
developables meet the surfaces on which these nets Jie in the curves 
of the nets. We say that the nets so related geometrically are in the 
relation of a transformation T. Parallel nets are in such relation. We 
have shown! that any transformation 7 of N into a non-parallel net MN, 
is given by equations of the form (5). Hence any transformation T of 
N is determined by a parallel net and by a solution of the point equa- 
tion of the net. 

When two surfaces are applicable to one another, in the correspond- 
ence thus established there is a unique conjugate system of curves on 
one surface corresponding to a conjugate system on the other. We 
say that these nets are applicable. ‘This paper is concerned with the 
transformations of applicable nets into applicable nets. 

If we have two applicable nets N and WN with the respective point 
coordinates x, y, 2 and x, y, z, the analytical condition of their appli- 


cability is 
i Ox Ox Ox Ox e | (=) 
bah at STeardehee a ne ated 6 
e: (= 2 Ou Ov Z Ou on. oS Ov S Ov ( ) 


Ox 
= (53) - 

Ou 
the sign = indicating the summation of terms in x, y and zg. Since 
the coefficients a and 6 of equation (1) are functions of the left-hand 
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members of (6) and their derivatives, equation (1) is likewise the point 
equation of the net V. In view of this fact a pair of functions h and / 
satisfying (3) leads to a net N’ parallel to N as well as to N’ parallel to 
NV. Moreover, the nets N’ and WN’ are applicable. This result is due 
to Peterson. The common point equation of the nets N’ and N’ ad- 


mits the solution 
6’ pies x! + yo == g/2 Bev x !2 Bug vy’? a g!2. Gh) 


This function and the corresponding function @ given by the quadra- 
ture (4) determine transforms NV, and N, of N and WN respectively, and 
these new nets are applicable. Hence each net parallel to one of two 
applicable nets determines a parallel to the other, and by a further 
quadrature two applicable nets which are T transforms of the original 
nets. Moreover, the function 6’ given by (7) is the only one leading to 
such a result. This result can be generalized at once to applicable nets 
in space of any order. 

Nets are of three types with regard to applicability. Nets of the 
first type do not admit any applicable nets. ‘Those of the second type 
admit one applicable net, whereas each net of the third type admits 
an infinity of applicable nets. We say that the latter are permanent in 
deformation, and for the sake of brevity call them permanent nets. 
Every net parallel to a permanent net is a permanent net, and each of 
the infinity of nets applicable to the one is parallel to one of the infinity 
applicable to the other by the method of Peterson. Suppose now that 
we have a permanent net NV, two applicable nets WN and WN, and the 
respective parallel applicable nets N’, N’, NV’. By the process of the 
preceding paragraph we obtain two transforms N, and N, of N, in gen- 
eral distinct, such that corresponding points of NV, Ni and WN» lie on the 
same line, whose direction-parameters are the coérdinates of NV’. At 
the same time we obtain two transforms of N and two of VN. As N 
admits an infinity of applicable nets, this process can be extended with 
the result that, in general, NV and each of its deforms admit an infinity 
of transforms. We have raised the question whether in any case this 
infinity of transforms were coincident for each of the nets so that we 
obtain a permanent net Ni, whose infinity of applicable nets are the 
T transforms of the nets applicable to VN. We refer to this question as. 
Problem A. 

Permanent nets belong to the general class of nets whose tangential 
codrdinates satisfy an equation of Laplace with equal invariants. We 
have established’ the existence of transformations 7 of nets of this kind 
into similar nets. When in particular the given N is a permanent net, 
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by the solution of a completely integrable system of partial differential 
equations of the first order a family of parallel nets of a particular type 
are obtained, each of which determines a T transform N,, which also is 
a permanent net. All of these transformations are now shown to give 
a solution of Problem A. 

In the transformations just referred to we did not consider permanent 
nets for which the curves in one family are represented on the Gauss 
sphere by one system of the imaginary generators. Drach* solved the 
problem of the deformation of nets of this kind. We show how in two 
ways these nets can be transformed into nets of the same kind as a 
solution of Problem A. 

The third type of permanent nets are those whose two families of 
curves are represented on the sphere by its isotropic generators. These 
curves are the minimal lines on a minimal surface. There are no trans- 
formations of nets of this kind into similar nets furnishing a solution 
of Problem A. 3 


1 Eisenhart, Trans. Amer. Math. Soc., New York, 18, 1917, (97-124). 

2 Peterson, Ueber Curven und Flachen, Moskau and Leipzig, 1868, (106). 
3 Eisenhart, Rend. Circ. Mat., Palermo, 39, 1915, (153-176). 

4Drach, Ann. Fac. Sci. Toulouse, (Ser. 2), 10, 1908, (125-164). 


ON BILINEAR AND N-LINEAR FUNCTIONALS 
By Charles Albert Fischer 


DEPARTMENT OF MATHEMATICS, COLUMBIA UNIVERSITY 
Communicated by E. H. Moore, October 1, 1917 


It has been proved by Riesz? that if a linear functional A(f(s)) 
is continuous with zeroth order, there is a unique regular function 
a (s) which satisfies the equation 


A(f) = Sf(s)da(s), 


and. the variation of a is the least upper bound of the expression 
| A(f) | /mf, where mf is the maximum of | f(s) |. From this theorem 
Fréchet]? has proved that if U (f(s), g(¢)) is bilinear, that is linear 
in each argument, there is a function u (s, t) which is regular in ¢ and 
satisfies the equation 


U (f,g)=S Sf (s) 8 @) dau (s, 0), (1) 


and by modifying the definition of the variation of a function of two 
variables, he has proved that the variation of u(s,t) is the least upper 
bound of | U (f, g) | /mfmg. 
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In the present note equation (1) is derived by a different method, 
and the function x (s, ¢) is proved to be regular in both arguments when 
determined by this method, and unique if regular. The theorem can 
then be extended by mathematical induction to -linear functionals. 

The variation Vou of u (s, ¢) is defined by Fréchet as the least upper 
bound of the expression 


> €;€; Aju (S: py, 


eg) 


where e; and e are taken equal to plus or minus 1 in such a way as to 
make the summation as large as possible, and 


Aj; U Ss: i) =U (S045 t; 41) — Ut (s,, t;41) ee (S24, i;) + u (s;, i). 


The double Stieltjes integrals considered here will all be of the form 
a Ves). 2) 0,4, 2) — limit > I (s) g &) Ayu (s, A, 
i,j 


where the region T is defined by the inequalities 
Te She OD 


and s, and t; are in the intervals (s;, sii1) and (4, f41) respectively. 
Such an integral always exists if f and g are continuous and V2 is 
finite, and it must satisfy the inequality 


| ey (s) g (1) dau (s, t) E mime Vu.3 | (2) 


A function 2 (s,t) will be called regular here if Vu is finite, u (a,t) = 
u(s, b) = 0, and u(s, ft) = u(s+0, f) =u(s, ¢+0) excepting on the bound- 
ary of J. This makes some of the work simpler than to assume with 
Fréchet that 2u(s,¢) = u(s—0,#) + u(s +0,2). If w(s, é) is regular, 
its variation in one variable, when the other is constant, cannot be 
greater than V2.4. The double integral can then be expressed as an 
iterated integral by the equation? 


Jf Oe Oduls,) = [TF 4 J, 6 O dus, d. 
The functional 
v(g@;s) =f, O duls,d 


can be proved regular in s by proving that its var’ation cannot be greater 
than mgV.u, and then proving that v(g; s + e) approaches » (g; s) when e 
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approaches zero. The details of the proof of this will not be given 
here. | 
If two regular functions u(s,¢) and wu’ (s, 2) satisfy the equation 


J fOeOduls,)= [fg O du (s,1 (3) 


identically in f and g, they will be proved to be identical. Since the 
similar theorem has been proved for single Stieltjes integrals, if w and 
uw’ are unequal at a point (s’, t’) there must be a continuous function 
g(t) such that v (g; s’) + v’(g; 5’), where v’ is the functional analogous to 
_v(g;s). Then since v and wv’ are regular in s there must be a continuous 
function f (s) for which the two members of equation (3) are unequal. 
This proves that if a functional U (J, g) satisfies the equation (1) where 
u (s, ¢) is regular and independent of f and g, the function ~ (s, ¢) must be 
unique. | 
As Riesz has proved,? the field of functions for which a linear func- 
tional is defined can be extended to any function which is the limit of 
a sequence of continuous functions which satisfy the inequalities 


ene Sonos (4) 


and any linear combination of such functions. Thus if U (/,g) is bi- 
linear, one or both of the functions f and g may be discontinuous if it 
is the limit of such a sequence. A function f(s, s’) will be defined by 
the equations 

KGS a) a 0, 

JS s)=1” (esas 55 2a), 

WKS: s’) ry 0, (s’ = a’), 


and a function g(t, 7’) by the analogous equations. If f is considered 
a function of s it is approached by a sequence such as (4), as Riesz 
has shown,? and g(é,t’) has the same property. The function u(s, t) | 
will then be defined by the equation 


u(s’, t’) =U (f (s; Saag (Z, t’)). 


This function vanishes for s’ =a, or ¢t/ = 0’, by definition. Since U is 
bilinear the expression U (f, g)/mjmg is bounded’ and its least upper 
bound will be called M, a constant independent of f and g. The varia- 
tion of u is defined as the upper bound of the expression 


>) ee Aj; u (se 1’) — [Uh (> GE (G Sy ae 1) —f (5, s;) Di (g (Z, i) pee (t, t;) )), 


i,j 
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and since from definition 
Da f(s, i-1) —f(,5)) 81 
the right member of the last equation cannot be greater than M. That is 
Vxu (s,t) < M. (5) 


It can be proved by the method Riesz uses in showing that a linear 
functional is defined uniquely for the limit of a sequence such as (4), 
that the function z(s, t) just defined is the limit of #(s-+e, t) when e = 0. 
Thus u (s, #) is regular. 

It will now be proved that 


UL =f SO eOduls,d, (6) 


where f(s) and g(é) are arbitrary continuous functions. The function 
f’(s) will be defined by the equation 


PO — Ds) GE si. J =/Gs)), 
and g’ (#) in the analogous way. Then the equation 


U8) = Df) ¢ @ agu (0) (7) 
19J 

will be satisfied. It follows from definition that f’(s) = f(s) in the 
region s;< 5 S S41, and similarly for g’ and g. Since J is linear in 
each argument and f and g are continuous, U(f;, g’) approaches U (f, g) 
when the length of the greatest of the intervals approaches zero, and 
the right member of equation (7) approaches the Stieltjes integral in 
equation (6). Inequalities (2) and (5) imply that V2 is equal to M. 
This completes the proof that when U (f, g) is bilinear there is a unique 
function u(s,¢) which is regular and satisfies equation (6), and the 
variation of u is the least upper bound of | U(/, g) | /mjfme. 

If this property is assumed for functionals linear in each of m — 1 argu- . 
ments, the proof just outlined can be modified to make it prove that 
functionals linear in m arguments have the same property. Thus the 
theorem holds for v-linear functionals. 

This can be used to extend a theorem of Fréchet’s® about functionals 
of the second order to those of the mth order. A functional of the mth 
order is defined as one that is continuous and satisfies the equation 
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n+1 : 
UGth+..-thid- Dut... tf-ithit 


r= 1 


% n+i1 


S De UG +... Bheaithaibh st bie 
r=1s=r-+1 
ha oe CSA LO) 0 


identically. If U(f) ’s also homogeneous, the functional defined by the 
equation 


Wists sf) =UGi+ o +h) 2 D0 
fraithart oe tit oe FED UO 


is easily proved to be linear in each of its arguments. If f;=f2=...=f, 
it follows from definition and the condition of homogeneity, that 


WSS, anne A ei) 
where 


n—1 


Ke ey ee Se ae Ce aD 8 


rl 


But this expression can be proved equal to 2/ which cannot vanish for 
any positive value of m, and since the m-linear functional W can be ex- 
pressed as a multiple Stieltjes integral the homogeneous functional 
U (f) of order can be put in the same form. 


1 Riesz, Ann. Sci. Ec. norm., Paris, (Ser. 3), 28, 1911, (36-43). 
2 Tbid., 31, 1914, (9-14). 
3 Fréchet, New York, Trans. Amer. Math. Soc., 16, 1915, (215-234). 


THE CRYSTAL STRUCTURE OF CHALCOPYRiG 
DETERMINED BY X RAYS 


By Charles L. Burdick and James H. Ellis 


CHEMICAL LABORATORIES, THROOP COLLEGE OF TECHNOLOGY 
Communicated by A. A. Noyes, September 29, 1917} 


Introduction.—This investigation of the atomic structure of crystals 
of chalcopyrite (CuFeS.) was undertaken, as no study of a complex 
sulfide by the method of X-rays had previously been carried out. 
Moreover, comparatively few crystals of the tetragonal system, in 
which chalcopyrite crystallizes, have been examined; the only ones 
being certain oxides of the formula MO, studied by Vegard! and by 
Williams.2. Yet the determination of the structure of crystals belong- 
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ing to other than the isometric system is likely to throw most light on 
the fundamental factors involved, such as the interatomic forces and 
the size and shape of the atoms themselves. 

This research was carried out at the suggestion of Prof. A. A. Noyes 
with the aid of a grant made to him by the Carnegie Institution of 
Washington, for which we wish to express our indebtedness. 

Description of the Apparatus and Procedure.—The method employed 
was in principle the same as that described by W. H. and W. L. Bragg,’ 
but the apparatus was modified in several respects. 

The electrical equipment for the X-ray excitation consisted of an 
interrupterless transformer of 20-kilowatts capacity. The X-ray tube 
was provided with a target of specially purified palladium, 2 mm. 
thick, silver-soldered onto a copper block, the face of which was set 
nearly perpendicular to the direction of the cathode rays. The elec- 
troscope used was one of the double-tilted form devised by Bumstead. 

The crystal used in this investigation was selected from a number 
kindly loaned us by Prof. C. H. Warren of the Massachusetts Institute 
of Technology. ‘The crystal was of the sphenoidal type,‘ approxi- 
mately 8 mm. on the edges. 

Summary of the Observations—The following table summarizes the 
observations. ‘The significance of the ‘calculated’ angles and inten- 
sities will be described below. 


TABLE I 


SUMMARY OF THE OBSERVED AND CALCULATED RESULTS 


ORDER ION BEL ANGLE OF REFLECTION RLECTROSCOPE RATIO OF INTENSITIES 

ee aang eRe ON Observed Calculated a aE Observed Calculated 
(100) I G25) 6°25’ 55 100.0 100 
II 19°55! 19255) 9.0 164.0 17 
(001) i 6°32’ 6°32’ 13.0 100.0 100 
II 13°10! 13°83! 33.5 256.0 222 
(111) i 5932! Leeiy 49.0 100.0 100 
II are 1ic12’ 6.5 13.0 4 
III 16°33’ 16°58’ 4.0 S20 7 
(111) Be Seay 5°35’ 69.0 100.0 100 
II 11°26? 11°14! 10.0 14.0 4 
(110) I Qovn7! OPAG} 190.0 100.0 100 
II 18°28’ 18°97’ 45.0 24.0 20 
Ill 27252! 98°19! 11.0 6.0 ‘i 

(110) I go 0226) 61.0 100.0 100 . 
II 18°23’ 18°27’ 29.0 47.0 20 
(101) I oo of 9°10’ 200.0 100.0 100 
II 18°29’ 18°35’ 50.0 25.0 20 


III 28°25" 28°32’ 9.0 4.5 7 
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Interpretation of the Results.—In determining the atomic structure of 
chalcopyrite, we will first attempt to fix the type of lattice on which it 
is constructed. For approximate purposes its crystals may be regarded 
as isometric, since the axial ratio a: c (1: 0.985) is nearly unity. 

The interplanar distance d (that is, the distance between like planes 
of atoms) is by the fundamental law of reflection (mA = 2d sin @) in- 
versely proportional to the sine of the angle of reflection (6). For the 
three fundamental planes (100) (101) (111) the angles were 6°25’, 
9°7’, and 5°32’. The reciprocals of the sines of these angles stand to 
one another in the ratio 1 : 0.706: 1.152. The ratios of the interplanar 
distances in the three possible types of isometric lattice, known as the 
cubic, the face-centered, and the cube-centered® are respectively 
1 :0.707: 0.573; 1: 0.707 : 1.146; and 1 : 1,414: 0.573. The lattice in- 

g, volved in the chalcopyrite crystal is 
therefore obviously the face-centered 
type; and we may infer that the heavy 
atoms, which predominate in determin- 
ing the reflection, must be the points in 
this lattice. 

Since there is only a small difference 
| in the atomic weights of iron and copper, 
' their reflecting powers, like those of potas- 
sium and chlorine in potassium chloride, 
COPPER AND IRON ATOMS IN CHAL- will not be greatly different. The atoms 

COPYRITE LATTICE. 
of iron and copper will therefore be prac- 
tically indistinguishable in their effect on the X-rays. The observations 
then show that the basic lattice formed by the iron atoms must intersect 
that formed by the copper atoms in such a way as to form together a 
single face-centered lattice. 

A study with the aid of a model of possible arrangements by which 
two different kinds of atoms, present in equal numbers, could together 
form a single face-centered lattice shows that there is only one such 
arrangement; namely, that shown in the accompanying figure, in which 
the iron atoms and copper atoms are represented by the solid and 
annular circles. It is evident, moreover, from the symmetries of the 
atomic arrangements that the vertical axis in the figure corresponds to 
the tetragonal or ¢ axis in the crystal. 

These conclusions are corroborated by the fact that the observed 
angles of reflections agree closely with the ‘calculated’ angles (given in 
the table), which were computed geometrically from the assumed loca- 
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tion of the atoms in the lattice, taking as a basis the observed angle 
for the (100) plane. 

We may now proceed to determine the location of the sulfur atoms, 
which can be done with the aid of the intensity measurements. It is 
known that, when the reflection takes place from only one kind of 
plane, the reflections of the first, second, and third orders have inten- 
sities which stand to one another approximately in the ratios 
100 : 20: 7, commonly called the normal intensity-ratios. It is evident, if 
there be secondary planes of lighter atoms intermediate between the 
primary planes of heavier atoms giving rise to a given reflection, that 
the reflection will be diminished or increased in intensity in correspond- 
ence with the difference in phase of the two trains of emerging rays 
waves. In case the secondary planes of atoms lie midway between the 
primary planes, there would be a phase-difference of half a wave-length 
for the first order, one wave-length for the second order, and 13 wave- 
lengths for the third order; hence there would result a weakening of the 
intensity of the first-order and third-order reflections (equal for the 
two orders) and a strengthening of that of the second order. In case 
the secondary planes are displaced one-fourth of the distance between 
the primary planes, the phase difference will be 4, $, and 2 of a wave- 
length for the first, second, and third orders, and hence there will 
be an increase in the intensities of the first order and third orders (equal 
in the two cases) and a relatively large decrease in the second order. 

Let us consider now the relative intensities of the different orders for 
the different planes. We see that for the (100) plane the ratio of the 
observed intensities of the first and second orders has the value 
100 : 164 in place of the normal one 100:20. Thislarge relative weakening 
of the first order and strengthening of the second order shows that 
planes of sulfur atoms are located not far from midway between the 
(100) planes of iron and copper atoms. The reflections from the (001) 
plane show a similar reversal of the normal ratio; and lead to the cor- 
responding conclusion that planes of sulfur atoms are located also not 
far from midway between the (001) planes of iron and copper atoms. 
The form and location of the lattice of sulfur atoms becomes thereby 
fixed, if we consider the additional fact that the number of sulfur 
atoms is equal to the number of iron and copper atoms. In the figure 
given above a sulfur atom would be located at the center of each 
alternate cube (that is, in four of the eight cubes there represented). 

This conclusion is confirmed by the observations of the reflections 
from the other planes. The geometrical relations show that this loca- 
tion of the sulfur atoms involves that they lie in the (110) and (101) 
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planes of the iron and copper atoms; and that there is a plane of sul- 
fur atoms in the (111) plane displaced one-fourth of the interplanar dis- 
tance between the composite planes of iron and copper atoms. Cor- 
respondingly, the (110) and (101) planes show the normal ratios of 
intensities of the reflections for the first, second, and third orders; 
and the (111) plane shows the required decrease of the second-order 
reflection, and the expected normal ratio of the first-order and third- 
order reflections. 

The relative intensities of the different orders can be calculated from 
the principle that the intensity of reflection from a plane of atoms is 
proportional to the square of the mass per unit-area.° Thus, the in- 
tensity of reflection from the (111) sulfur-atom plane would be to that 
from the (111) composite iron-copper atom plane as (2 X 32)?: (56+ 
63.6),? since there are two atoms of sulfur in an area equal to that in 
which there is one atom of iron and one atom of copper. ‘The intensity 
of the resultant reflection will evidently be dependent both on the mag- 
nitudes of these two component reflections, and on the difference in 
phase in which they emerge. Algebraic expressions for the relative 
resultant intensities of the reflections of the different orders can be 
readily formulated. With the aid of thése expressions the ‘calculated’ 
ratios of intensities given in the above table were obtained. It will 
be seen that there is a striking parallelism between the calculated and 
observed intensities. | 

Finally, we may further test the correctness of the deduced atomic 
structure by calculating the density of the substance and comparing 
it with the known density. Referring to the figure, it is seen that the 
space which it represents has associated with it two iron atoms, two 
copper atoms, and four sulfur atoms, or 2 of the atom-groups CuFeSb. 
Since the mass of the hydrogen atom is 1.64 X 10-*4 grams, that of 


183.6 
these two CuFes: groups is 2 X 1008 times as great, or 5.972 < 10-* 


grams. The volume of the space in question is, however, equal to 
8 d3 X 0.985, where d represents the distance between the (100) planes 
of copper-iron atoms (that between the (001) planes being 0.985 d). 
This distance d may be obtained from the law of reflection \ = 2 d 
sin 6 by substituting for 0 the observed angle of reflection (6°25’) for 
the (100) plane, and by substituting for \ its value 0.584 x 10-® cm. as 
determined by W. L. Bragg’ for a palladium target. The value of d 
is thus found to be 2.614 X 10-8 cm., and that of the volume in ques- 
tion 1.407 x 10-22 cm. The calculated density is therefore 5.972 /1.407, 
or 4.24. The density of the mineral chalcopyrite, according to the 
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best determinations, lies between 4.1 and 4.3. That of the ‘jpeeina 
used in this investigation is 4.19. 


1Vegard, Phil. Mag., London, Nov., 1916 and Jan., 1917. 

4 Williams, London, Proc. R. Soc., 93, 1917, (418). 

3 Braggs’ X-Rays and Crystal Structure, 1915, (22). 

4Dana’s Mineralogy, Fig. 10, 1892, (81). 

5 Tutton’s Crystallography, 1911, (501); or Braggs’ X-Rays and Crystal Structure, 1915, (91). 
6 Bragg, op. cit., pp. 120-127. 

7 Kaye, To Raye. 1917, (226). 


THE ISOSTATIC SUBSIDENCE OF VOLCANIC ISLANDS 
By W. M. Davis 


DEPARTMENT OF GEOLOGY AND GEOGRAPHY, HARVARD UNIVERSITY 
Communicated October 9, 1917 


- Objection has sometimes been made to Darwin’s theory of upgrowing 
coral reefs on subsiding foundations on the ground that the subsidence 
of the reef foundations should lower the ocean surface and lay bare a belt 
of recent marine deposits of smooth surface and simple shore line around 
the continental masses, while as a matter of fact the shore lines of conti- 
nents are usually more or less embayed, as if the sea had recently ad- 
vanced upon the unevenly eroded surface of the continental margins. 
The objection will, however, be found to have small weight when it is 
seen to rest upon the implied postulate that the embayments of conti- 
nental coasts have as a rule been produced by a universal rise of the 
ocean surface, everywhere of the same amount and date, whereas their 
embayments testify to no such simple origin; and to proceed upon the 
unwarranted assumption that the subsidence of reef foundations re- 
quires the subsidence of broad areas of the ocean floors, whereas the 
local subsidence of the foundations themselves is all that is necessary. 
The postulate will first be examined and refuted; the assumption will 
then be considered and its alternative will be preferred. 

The embayment of continental coasts is certainly of widespread oc-’ 
currence, but when the embayments are closely examined they are found 
to be of dates and dimensions so diverse that they cannot be explained 
by a universal rise of the ocean. In the first place, the most pronounced 
embayments are the fiord coasts of quaternary glaciation; there is good 
reason to believe that the great troughs of such coasts were scoured out 
deep below sea level by huge glaciers, and that, far from the ocean having 
recently risen to submerge the troughs, the coasts have in several fiord 
regions risen from the ocean, as their elevated shore lines testify; these 
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coasts are embayed in spite of recent emergence, and cannot serve as 
witnesses to a recent rise of ocean level. , 

Furthermore, the supposition that coastal embayments result from a 
rise of the ocean around still-standing continental borders carries with 
it the implication that the coastal valleys, now submerged and embayed, 
were everywhere eroded during the same period of previous emergence, 
and hence that they should all be eroded to the same depth, and that 
their width should be proportionate to the weakness of the rocks in 
which they were carved during the emergence period. But as a matter 
of fact, the coastal embayments of the continents occupy valleys of 
depths and widths so various that they cannot be accounted for by these 
simple conditions: the diversity of the embayments demands many local 
and diverse movements of continental borders, even though a universal 
rise of ocean level has recently taken place, such as that which the final 
climatic changes at the close of the Glacial period should produce. The 
chief effect of such a rise of ocean level would only be to bring about a 
slight preponderance of embayed coasts along continental borders which 
had suffered local uplifts and depressions in about equal proportions. 

Diverse movements of continental borders are demanded not only by 
the diversity of their embayments, but also by the not rare occurrence 
of emerged coastal plains of marine sediments. Thus the western side 
of the Adriatic is bordered by an emerged and more or less dissected 
coastal plain, while the eastern side is bordered by a partly submerged 
and elaborately embayed mountain border. Greece and the Bosphorus 
bear marks of recent submergence, but the coast of Palestine appears to 
bear marks of recent emergence. The small embayments of the Texas 
coastal plain cannot be explained as resulting from the same amount of 
submergence which produced the deep rias in the montainous coast of 
northwestern Spain; nor can the unlike valleys of those two coasts have 
been eroded during the same antecedent period of emergence. The 
elevated shore lines of the California coast have no equivalent on the 
volcanic islands of the Pacific. The recent submergence of the north- 
eastern coast of New Caledonia following a long-enduring emergence, 
as indicated by the deep embayments of its strongly clift shores, de- 
mands a different succession of changes of level from those recorded on 
the coast of Peru or of Virginia. 

The postulate that the embayed coasts of the world demand a uni- 
versal rise of the ocean for their explanation is largely based upon the 
indoor study of coastal charts, and not upon the field study of the coasts 
themselves; and inasmuch as most of the coastal charts of the world 
have been made by hydrographers, who concerned themselves little 
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with the physiographic history of the coastal slope, such charts cannot 
be relied upon to present all the information that is pertinent to the 
_problem under discussion. ‘Thus if the coast of Maine were studied 
only from charts, its many embayments alternating with ragged pro- 
montories and outstanding islands, together with its small headland 
cliffs and its small bayhead deltas, might well be interpreted as indicat- 
ing the recent submergence of a hilly region that had previously been 
eroded to subdued forms: but a study of that coast on the ground soon 
discovers that it bears a discontinuous cover of marine clays up to 100 
or 200 feet above sea level; and one must therefore conclude that the 
embayments of today remain after the partial emergence of a previously 
more submerged region. 

It occasionally happens, however, that a hydrographic chart presents 
evidence which suffices to correct a fase inference regarding recent sub- 
mergence: thus one of the Solomon islands, which has a well-embayed 
shore line, is fronted for many miles by an elevated off-shore barrier reef, 
even crested and 80 or 100 feet in height: hence although the coastal em- 
bayments show that submergence has taken place, the reef shows that 
the last change of level was an emergence, less in amount than the pre- 
vious submergence. . 

In view of these examples it is evident that the chart of an embayed 
coast, outside of the coral zone and not yet examined geologically, can- 
not be trusted as indicating that the last change of ocean level was up- 
ward. Therefore the inference that there has been a general rise of 
ocean level, independent of oscillations during the Glacial period, is not 
at present well supported; and until it is well supported, a certain amount 
of broad ocean-floor subsidence in the coral seas, as inferred by Darwin 
from his theory of coral reefs, may be regarded as not impossible, par- 
ticularly as its effect in lowering the ocean may have been largely coun- 
teracted by equally broad ocean-floor uplifts in other regions. 

Nevertheless, it is somewhat arbitrary to assume that the broad areas 
of ocean-floor subsidence should occur chiefly in the warmer zone, where 
coral reefs could be formed, and that the areas of compensating uplift 
should be chiefly in the cooler oceans, or in those parts of the warmer 
oceans where no islands rise. Hence the supposition of local subsidence 
of volcanic islands, which usually serve as reef foundations, deserves con- 
sideration as an alternative to broad ocean-floor subsidence. ‘This sup- 
position would be objected to by scientists of the older school, who be- 
lieved that volcanoes occupy areas of elevation. Thus Guppy said: “In 
establishing the fact of the presence of active volcanoes in regions of 
barrier reefs and atolls, I shall be removing one of the principal stand- 
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points of the theory of subsidence;”’ he added that this “‘places the sup- 
porters of the theory of subsidence in a dilemna.’! At about the same 
time Hickson wrote: “I am persuaded that . . . . the pres- 
ence of such an atoll as Passiac [in North Celebes] so close to a region 
of quite recent and considerable volcanic activity is difficult to account 
for under this [subsidence] theory.”” Murray went so far as to object 
to Darwin’s theory of subsidence on the ground that even extinct vol- 
canoes are not likely to subside. He wrote: ‘Generally speaking, all 
the volcanic regions which we know have in the main been areas of ele- 
‘vation, and we would expect the same to hold good in those vast and 
permanent hollows of the earth which are occupied by the waters of the 
ocean. . . . . Areas of local depression are to be looked for in 
the ocean basins on either side of and between groups of volcanic islands 
and atolls, and not on the very site of these islands.’ 

Much may be said against this obsolescent view, and in favor of the 
opposite view that volcanic action and subsidence may sometimes be 
closely associated. Strong testimony to this effect is offered by the re- 
peated occurrence of volcanic eruptions in areas of subsidence during 
the geological evolution of Great Britain, as worked out by an excep- 
tionally competent geologist whose conclusion is: “The study of the 
records of volcanic action in Britain proves beyond dispute that the vol- 
canoes of past time have been active in areas of the earth’s surface that 
were sinking and not rising. . . . . Ido not wish to maintain 
that the downward movement was necessarily a consequence of volcanic 
ejections . . . . but I have sometimes asked myself whether 
was not possibly increased as a sequel to vigorous action.’”* An inter- 
esting piece of evidence concerning the subsidence of the great volcanic 
island of Hawaii during the later stages of its eruptive growth is furn- 
ished by Branner, who gives good reason for thinking that the deep 
canyons in the northeastern sector of the island have been eroded in 
part of an older, deeply dissected, and now partly submerged volcanic 
mass, the remainder of which has been overwhelmed and buried under 
the much more recent !ava floods that cover the major area of the island.5 

The newest discussion of this problem is by Molengraaf, who calls 
attention to the results of recent gravity determinations, from which it 
appears that the volcanic islands of the Pacific ‘‘as far as they have been 
studied are not isostatically compensated, and, without exception, show a 
larger or smaller positive anomaly of gravity. . . . . These vol- 
canic islands, rising . . . . as conesor groups of cones of consider- 
able bulk, cannot always remain in existence; under the influence of gravity 
they will without exception yield and sink down slowly. 
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The yielding and slow sinking of the volcanic islands under the influence 
of gravity must be regarded as the cause of the downward movement of 
_large amount and long duration which must be assumed in order to 
explain the formation of barrier-reefs and atolls in true oceanic regions.’’6 

This appears to me an important suggestion, and one that is likely 
to remove the objections to Darwin’s theory of coral reefs in so far as 
they are directed against a great subsidence of broad ocean-floor areas: 
for although Darwin himself wa's led by his coral-reef theory to infer 
the subsidence of such areas, it is clear from the original exposition of 
his theory that local subsidence of reef foundations will serve all its 
needs. It may be added that the accumulation of the great limestone 
masses of atolls upon slowly sinking volcanic foundations must aid and 
prolong their sinking; also that no comparable sinking of volcanic cones 
upon continents need be expected, not only because of the differences 
supposed to exist between the earth’s crust in continental and oceanic 
areas, to which Molengraaf calls attention, but also because continental 
volcanoes suffer erosion, whereby their waste is carried away and widely 
distributed, while oceanic volcanoes, even if they rise for a time above 
sea level and suffer erosion, retain the waste from their summits on 
their flanks. 

But it is particularly the relation of Molengraaf’s hypothesis to changes 
of ocean level that I desire to emphasize. Let it be imagined that the 
ocean floor suffers no deformation apart from that associated with vol- 
canic action, and that a thousand great volcanic cones are built up from 
it in the coral zone, one after the other and at such intervals of time 
that their formation stretches through the Tertiary and Posttertiary 
periods. ‘The building of the first cone would cause a slight rise of ocean 
level. As the cone slowly subsided the ocean surface would return to 
its normal stand, were it not that the subsiding cone is reconstituted 
in an atoll as fast as it subsides,’ and that other cones are built up as the 
first one sinks. Later formed cones would prolong the changes thus 
initiated, and the slow rise of the ocean would continue, particularly if the 
isostatic sinking of some of the cones were incompletely accomplished. 
Even if some of the cones sank so fast that reef-making corals could not 
reconstitute them, the net result of this process, after many cones had 
been built up and sunk again, would be, not a lowering of the ocean sur- 
face such as according to the usual interpretation of the theory of sub- 
sidence has been supposed to accompany the upgrowth of coral reefs, 
but a slow, small, and long continued rise of the ocean surface. 

The rise of the ocean surface thus caused would be much less in total 
amount than the sinking suffered by any one of the volcanic reef founda- 
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tions, and hence less than the inferred great thickness of many atoll 
masses, but it would presumably be sufficient to cause a moderate pre- 
ponderance of submergence on continental coasts which themselves suf- 
fer many diverse movements of upheaval and depression. It is not, 
however, to be supposed that general warpings.and deformations of the 
ocean floor, upward and downward, should be left out of consideration; 
such movements have surely taken place to a less or greater. degree, 
particularly in the western Pacific, where coral reefs border continental 
islands. ‘The integrated effect of all these causes of change in the level 
of the ocean surface cannot now be determined, because so little is known 
regarding the various factors of the problem: but nothing in the little 
that is known and in the much more that may be fairly inferred should 
be regarded as discountenancing the theory of upgrowing reefs on sub- 
siding foundations, essentially as Darwin supposed. His primary theory 
of coral reefs holds good, although his supplementary theory of broad 
ocean-floor subsidence needs modification. 


1 Guppy, H. B., Scot. Geogr. Mag., 14, 1888, (121-137); see p. 135, 136. 

2 Hickson, S. J., A naturalist in Celebes, London, 1889; see p. 42. 

3 Murray, J., Proc. Roy. Soc. Edinb., 10, 1880, (505-518); see p. 516. 

4 Geikie, Sir A., The ancient volcanoes of Great Britain, London, 1897; see vol. 2, p. 470. 

5 Branner, J. C., Amer. J. Sct., 16, 1903; (301-316); see p. 301-303. 

6 Molengraaf, G. A. F., Proc. k. Akad. Wet. Amsterdam, 19, 1916, (610-627); see p. 619-620. 

7 This statement depends on the fact, certified by chemists, that the withdrawal of 
limestone from solutions in water diminishes the water volume by only a small portion of 
the volume of the withdrawn limestone. 


ON THE DEFORMATION OF AN N-CELL 
By Oswald Veblen 


DEPARTMENT OF MATHEMATICS, PRINCETON UNIVERSITY 
Communicated by E. H. Moore, October 8, 1917 


I propose to prove that any (1 — 1) continuous transformation of an 
n-cell and its boundary into themselves, which leaves all points of the bound- 
ary invariant, is a deformation. 

For the purposes of this proof the -cell may be taken to be the interior 
of an n-dimensional cube. A deformation is a (1 — 1) continuous trans- 
formation F which is a member (corresponding to x = 1) of a one-para- 
meter continuous family of (1 — 1) continuous transformations F, 
(0 <x <1) such that F,) is the identity. It is understoed that each 
F, is a transformation of the m-dimensional cube into a set of points of 
an n-dimensional Euclidean space in which the z-dimensional cube is 
situated. 
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The theorem is easy in the one-dimensional case. It has been proved 
in the two-dimensional case by H. Tietze (Palermo, Rend., Circ. Mat., 
38, 1914, p. 247) and more simply, by H. L. Smith (in an article soon to 
appear in the Annals of Mathematics). No proof has been published 
so far as I am aware, for the higher cases. 

The proofs by Tietze and Smith establish a stronger theorem than 
that.stated above, for they show the existence of a family of transforma- 
tions F, each of which carries the square into itself and leaves all points 
of the boundary invariant. This restriction on the transformations 
F,, that each of them shall carry the square into itself, is not needed in 
some of the important applications of the theorem; and without this 
restriction the theorem can be proved very easily. 

The proof below is stated for the two-dimensional, but applies without 
change to the 2-dimensional, case. 

_ Let S; be a square, ABCD, whose sides are of length unity, it being 
understood that a square, unlike a cell, includes its boundary. Let 7, 
be a translation parallel to the side AB which carries the side AD into 
the side BC, 7; a translation parallel to the side BC which carries the 
side AB into the side DC, and 7, the resultant of 7, and 73. Let So, 
S3, S4 be the squares into which Sj is carried by T2, Tz, Ts respectively. 
Thus Si, S:, S3, and S, together constitute a square whose sides are of 
length 2. 

Let F; be a (1 — 1) continuous transformation of S, into itself which 
leaves all points of the boundary of S; invariant. The transformation 
TF, (the resultant of F; followed by T;) carries S; into S;. I shall first 
show that 72F; is a deformation and it then follows easily that F, is 
also a deformation. 

The rectangle composed of S; and S_ can be carried into the rectangle 
composed of $3 and S, by a transformation A which for points of 5S}, is 
the same as 7; and for points of Ss, is the same as 74F\—!T,—!. Since 
T; and 7.Ff,-1T,—! have the same effect on the common points of the 
boundaries of S; and Se, the transformation A is uniquely defined, (1 — 1), 
and continuous. 

The transformation A.7:F;.A7!, as applied to $3 is the same as 
TP) T.4T.FiT;, which is the translation 7;7;-! = Ts, carrying S; 
into S,; denote this translation 7, by 7,. Let 7; (0 <x S 1) denote the 
translation carrying S; a distance x in the direction of translation of 7. 

The existence of the family of translations Tz (0 <« <1) shows that 
T,isa deformation. Butsince A.7,F;.A—' = 7), A717,\A =T2F;. Hence 
the existence of the set of transformations A~!7;A (0 <x <1) shows 
that T:F is a deformation. 
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Any one of the transformations A~!7; A effects a translation on the 
three sides, AB, CD, DA of S; and carries the side BC into the curve to 
which 7.f carries the linear segment in which the square is met by a 
line parallel to AD at a distance x from AD. Since if 7; is the transla- 
tion which has the same effect as A~!7zA on the point A, the transforma- 
tion T;—1A1T,zA leaves all points of the three edges AB, CD, DA of 
S; invariant. Denote Tz-!A-'TzA by Fz. The set of transformations 
F, (0 S$ « S1) is obviously a continuous one-parameter family of 
(1 — 1) continuous transformations; Fy is the identity; and F; the given 
transformation already denoted by F;. Hence F; is a deformation. 

The last paragraph can be replaced by the observation that since the 
product of two deformations is a deformation, Fi, which isthe product ° 
of 7,-'and 7;F;, must be a deformation. It seems worth while, however, 
to indicate, as has been done, something of the nature of the family of 
transformations fz which the process sets up. 


A THEOREM ON SERIES OF ORTHOGONAL FUNCTIONS WITH 
AN APPLICATION TO STURM-LIOUVILLE SERIES 


By George D. Birkhoff 


DEPARTMENT OF MATHEMATICS, HARVARD UNIVERSITY 
Communicated by E. H. Moore, October 10, 1917 


1. The Theorem.—An infinite set of continuous functions u(x), w(x), 

. is closed on the interval 0 S x S 1 if there exists no continuous 
function f(x) not identically zero for which J of (x) u, («) dx vanishes for 
all n; the set is normalised if f ju, («)dx = 1 for all n; it is orthogonal if 
S 6 Um (x) Un (x)dx = Ofor m+n. Most of the series of mathematical 


physics are linear in closed normalized orthogonal sets of functions. 


THEOREM. If u1(x),u2(x), . . . forma closed normalized orthogonal set 
of functions, and if u(x), u(x), . . . form a second normalized orthogonal 
set such that 

SS (thn (2) = iy ()) Hy (9) O<x,yS1) 
n=1 


converges to a function H (x, y) less than 1 in numerical magnitude in such 
wise that the series multiplied through by an arbitrary continuous function 
f(x) can be integrated term by term as to x and yields a uniformly conver- 
gent series, then the set t(x), w(x), . . . is closed also. 

Proof. Tf the set a(x), u(x), . . . is not closed there exists an f 
not identically zero such that f°5 f(x) u,,(x)dx vanishes for all. In 
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this event, if we multiply through the equation of definition for H by 
f(x) and integrate as we may by hypothesis, we find 

1 = 1 

{,f@) 2@,») dx= >) |, f @ =, @) dz-u, (9), 
n= 1 
where the series on the right-hand side will converge uniformly by 
hypothesis and so represents a continuous function. 
This series on the right has the value f(y). In fact the difference 


foo) 


LO-— DLL] wy (x) deen, (y) 


n=1 


is a continuous function ¢(v) such that f-> 9 (y)u, (y) dy vanishes for all 
n, precisely because the set u(x), we(x), . . . is normalized orthogonal. 
But the set u(x), u(x), ... is closed by hypothesis; hence we infer that ¢ 
‘vanishes identically. Hence the right-hand member of the preceding 
equation has the value f(y). That equation may now be written 


{i f@) He, 9) dv=f(). 


If the maximum numerical value of f(x) for0 <x S 1 is F+0,and if 
this value is taken on for y = Yo, we get 


1 
| (of @) H (, 9) dx | = F. 
But this is impossible since by hypothesis | H |< 1 and | f|<F. 


The set u(x), u(x), . . . is therefore closed also. 
2. An Application. The Sturm-Liouville series, in a specialized but 
typical form, arises from the set of functions (x), we(”),. . . which 


are the solutions of a linear differential equation of the second order 
wl + (rd — g(x) ) uw =0 


satisfying boundary conditions u(0) = w(1) = 0, for the ordered set of 
parameter values \i, Xs, . . . of A respectively. We will assume that 
g(x) and dg(x)/dx are real and continuous. 

By means of the methods of Sturm it is proved that w(x),m:.(x), . .. 
may be taken to form a normalized orthogonal set in which u, (x) will 
vanish precisely ~ times within the intervalO<x<1. And the meth- 
ods of Liouville give the asymptotic form of uw, (x); it will be convenient 
for us to use the formula 


POO) sin nase + LL) COSMme Ma(2,£@))) 


nN N 
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in which M,, is a continuous functional of x and g(x), bounded as long as 
g(x) and dg(x)/dx are bounded uniformly for all x. 

For the satisfactory investigation of the representation of an arbitrary 
function in Sturm-Liouville series it is necessary to know further that 
the set w(x), w(x), . . . thus obtained is closed. A very simple proof 
and the first is due to Stekloff.1_ His proof uses, however, the theory of 
functions of a complex variable. ‘There is indeed a special case, namely 
the case when g(x) vanishes identically and u,(«) =+/2 sin nax, 
when a short proof is possible by an elementary method. 

The theorem proved above makes possible an immediate demonstra- 
tion that the set is closed, once the asymptotic formula above and the 
fact for the special case are granted. Let us replace g(x) by og(x) where 
o is areal parameter varying from 0 tol. If then w(x), ue(x), . 
denote the members of the set for any particular o and m(x), U(x), .. . 
denote the members for another value of o, say o, it will suffice to show 
that the series for H will have the properties demanded in the theorem 
for |o—o|<6>0. For in this event since the set is closed for ¢ = 0 
(the special case), it will be closed for « S$ 6 by an application of the theo- 
rem; by successive further applications of the theorem it is shown in the 
same way that the set is closed for o S$ 26,0 $36,. . . , so that finally 
we infer that the theorem is true for o = 1, i.e. for the given set. 

In virtue of the explicit formula for u, (~) we have 


n? 


Pa) a. O-v (Sees cos 4 he) 


Un(y) = V2 sin nary + ee ite uo) 


nN 


Multiplying these two expressions on the right together we obtain the 
typical term of the H series. This series breaks up at once into six 
(2 X 3) other series all of which converge uniformly to a small value 
for |s — o| small save the series obtained from the leading terms in 
both expressions, namely 


ie —. COS Nrx Sin mr 
2 (o —a) ¢ (x) SS a. 


n=1 


If we omit the small factor (¢ — o) ¢ (x), this series may be written 


n 


n= 1 
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Now the sum of any number of terms of a series 2 (sin m7z)/n is known 
to remain uniformly bounded,? and the series is known to converge every- 
where, uniformly save in the immediate vicinity of the values z = 0, 
+ 27, + 4x, etc. Hence the series displayed above converges uni- 
formly for all x, y save in the immediate vicinity of x = y, where, how- 
ever, the sum of any number of terms of the series is bounded. Hence 
all six types of series will converge to values small numerically for | «— | 
small, and, when multiplied through by any continuous function may be 
integrated term by term as to x, yielding uniformly convergent series in 
y. Thus the H series will have the stated properties for | + — «| <5>0. 

3. Generalization.—The theorem suggests at once a theorem in Gen- 
eral Analysis as defined by E. H. Moore.? If we employ a quasi-geomet- 
rical terminology this generalization may be stated as follows: any set of 
orthogonal vectors in a functtonal space lying near enough to a complete 
set of orthogonal vectors in that space 1s ttself complete. Another still 
wider generalization suggests itself: any set of vectors ina functional s pace 
lying near enough to a complete set of vectors admitting a reciprocal sel ts 
itself complete and admits a reciprocal set. This second generalization 
evidently plays the same part in relation to biorthogonal sets that the 
first does for orthogonal sets. 


1See Kneser, Die Integralgleichungen und ihre Anwendungen in der mathematischen Phystk, 
Braunschweig, 1911, pp. 84-95. 

2See D. Jackson, Rend. Circ. Mat. Palermo, 32, 1911, (257-262). 

3See Bull. Amer. Math. Soc., New York, 18, 1911-1912, (334-362). 

4 For a theorem of this type see an article of mine, Paris, C.-R. Acad. Sct., 161, 1917, 
(942-945). 
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LOW-TEMPERATURE FORMATION OF ALKALINE FELDSPARS 
IN LIMESTONE 


By Reginald A. Daly 


DEPARTMENT OF GEOLOGY AND GEOGRAPHY, HARVARD UNIVERSITY 
Communicated by W. M. Davis, October 5, 1917 


Recent monographs by A. Heim! and D. Triimpy,? dealing with certain 
rock formations in Switzerland, put new emphasis on an important prob- 
lem in minerogenesis. At different horizons of the Jurassic limestones 
of the Churfirsten-Mattstock mountain group, Héim has found abun- 
dant crystals of albite which have evidently developed zx situ and are not 
of clastic origin. The crystals are automorphic, with maximum lengths 
of 0.2 mm. and average lengths much less (see fig. 150 in Heim’s memoir). 
Minute crystals of ankerite are associated. Both albite and ankerite 
are regarded by Heim as due to crystallization on the sea-floor, during 
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the deposition of the limestone mud, which he interprets as likewise a 
chemical precipitate. ‘The calcareous matrix has, in fact, the uniform, 
exceedingly fine grain characteristic of chemically precipitated lime- 
stone, though it encloses fragments of fossil shells and skeletons. 

Triimpy, in the western Rhatikon, found similar albites, new crystal- 
lizations, in Jurassic limestone. ‘These crystals are generally less than 
0.03 mm. long and seldom as much as 0.05 mm. long. They are asso- 
ciated with colorless to somewhat brownish foils of mica with the same 
order of dimensions. ‘Triimpy also describes secondary albite and ortho- 
clase crystals, 0.05 to 0.08 mm. long, in the Tertiary (Flysch) limestones 
of the same district. The feldspars enclose roundish granules of calcite 
identical in size and form with the normal constituents of the mud- 
like limestone. In many cases the feldspar is merely a ‘Bindemittel’ for 
such grains of calcite. Triimpy agrees with Heim that the feldspars 
grew, ‘schwebend,’ in the calcareous mud. 

Both Heim and Triimpy found no difficulty in distinguishing these new 
feldspars from the quite different clastic feldspars occasionally seen in 
the same thin sections. ‘They have good evidence that the new feld- 
spars were not developed by dynamic or contact metamorphism of the 
limestones—a conclusion borne out by the extremely fine grain of the 
calcareous material. 

Thirty years before, Kaufmann? described similar albites, ‘doubtless 
formed im situ’, as occurring in Jurassic, Lower Cretaceous, Upper Cre- 
taceous, and Eocene limestones of the ““Emmen- und Schlierengegenden’’ 
of Switzerland. The maximum length of the albite crystals in any of 
the formations is 0.08 mm. Kaufmann noted that they abound spe- 
cially in the purer limestones. 

Independently Lory* had found non-clastic albite and orthoclase crys- 
tals in most of the non-metamorphosed Jurassic limestones of the French 
Alps. Such feldspars are described as particularly abundant in nodu- 
lar and geodic concretions. Pyrite crystals and minute, doubly-termi- 
nated quartz crystals accompany the feldspars. All the crystals are 
explained as growths in limestone muds charged with organic (bitumi- 
nous) matter. A year later Lory® noted the occurrence of albites and 
bipyramidal quartzes in Eocene limestone at Montricher, near Saint 
Jean-de-Maurienne. He attributed the formation of the feldspars to 
special conditions which were not stated, but he excluded metamor- 
phism as an explanation. He found orthoclase crystals in the cast of 
an Ammonite. 

Foullon® reported the fine-grained to dense Eocene limestone of the 
Aegean island of Rhodes to contain 1.1 to 1.2% of well crystallized sili- 
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cates, including very pure albite. ‘The largest feldspars seen were from 
2.5 to 3.0 mm. in length. He suggested that the albite crystals origi- 
nated, as tiny individuals, at the contact of sea-water and the calcareous 
mud at the sea-bottom; and that these grew to present size in the loose 
sediment as deposition went on. Only on such a hypothesis, he held, 
could one explain the automorphic character of the crystals. Since 
“‘certainly considerable time was necessary for their formation before 
being completely enclosed in the mud,” he regards these crystals as prov- 
ing the slowness of the calcareous precipitation. Foullon notes the 
absence of appreciable lime in the feldspar molecule itself. 

Cayeux’ stated that similarly authigenic’ orthoclase is to be found in 
all the named horizons of the Chalk of the Paris basin. The crystals 
are always minute, averaging 0.04 to 0.05 mm. With constant crystal 
forms, they occur singly, never in groups. It is observed that orthoclase 
and glauconite tend to exclude each other in the various limestones. 
Cayeux assumes a community of origin for both minerals, described as 
“secondary.” After examining his material, Michel Lévy, Lacroix, and 
Termier all agree that the orthoclase must have formed in situ. 

Grandjean® studied the chalk of Meudon, near Paris, concluding that 
its feldspar (probably microcline, rather than orthoclase) was formed on 
the floor of the Cretaceous sea, “‘contemporaneously with the deposition 
of the chalk.” The feldspar ‘‘ grew rapidly; it probably ceased to grow 
after it was once buried.”’ He continued: “it is thoroughly [infiniment] 
probable that feldspar is forming on the present sea-bottom.”’ 

A review of these European studies leads to the following generaliza- 
tions: 

1. Authigenic alkaline feldspars appear in non-metamorphosed lime- 
stones of Triassic, Jurassic, Cretaceous, and Eocene age and specially 
characterize many horizons in the Alpine Jurassic and Paris-basin 
Cretaceous. 

2. Albite or orthoclase may occur alone or they may be associated in 
the same layer of limestone. Pyrite, bituminous matter, and bipyra- 
midal quartz are not uncommon companions of the feldspars. One 
Jurassic limestone exhibits authigenic mica. 

3. These feldspars in the European limestones typically appear as 
single crystals, with good crystal form and separated by the calcareous 
matrix; their lengths range generally from 0.03 to 0.08 mm. 

4. All the calcareous matrices have the grain and texture of chemical 
precipitates. However, embedded in those originally muddy materials 
are the strongly contrasted fragments of organic origin, shells and 
skeletons. 
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5. All ten of the authors who have reported on the rocks mentioned 
agree that the albite or orthoclase has crystallized in situ without any 
help from metamorphism. Foullon, Grandjean, Triimpy, and Heim 
definitely express the view that the feldspars developed, as chemical 
precipitates on the sea-floor before or immediately after the burial of the 
corresponding laminae of sediment by the younger laminae. According 
to Cayeux, Lory held the same belief for the orthoclase crystals of the 
Jurassic limestones. ‘The consensus of opinion is, then, that the au- 
thigenic feldspars and quartz attained their full growth well before 
normal diagenesis was completed, that is, while the calcareous muds were 
still unconsolidated. 

These European researches are important from several points of view. 
For students of sediments they indicate a group of facts and problems 
which have been almost wholly untouched in American laboratories. 
They seem to throw light on the origin of an important dolomite in 
the Rocky Mountains. Finally, they furnish proofs of the crystalliza- 
tion of albite and orthoclase at temperatures much lower than have 
generally been assumed as possible. 

In order to complete the summary of the recorded cases, that of the 
Rocky Mountain dolomite may be noted. It appears to represent the 
only known American parallel to the peculiar European limestones. 
The dolomite, named the Waterton formation, was discovered in 1905 
by the writer,’ at Waterton lake just north of the boundary between 
Montana and Alberta. . The formation, at least 60 meters thick, is the 
lowest exposed member of the great Rocky Mountain geosynclinal and 
is overlain by 4000 meters of other sediments referred to the Beltian 
(and probably Cambrian) series. Many hundreds of meters of still 
younger strata overlay those rocks before the composite geosynclinal 
was finally upturned, in the Tertiary era. The whole sedimentary cover 
on the Waterton dolomite was probably more than 6000 meters in thick- 
ness; yet the dolomite is lacking in signs of metamorphism, even that 
of the static kind. Igneous metamorphism can be excluded with equal 
definiteness. 

The dolomite is chiefly composed of carbonate grains, which average 
about 0.02 mm. in diameter and seldom reach 0.05 mm. in diameter. 
These grains either interlock or occur as sharp rhombohedra, represent- 
ing the crystal form so characteristic of true dolomite. Many laminae 
of the rock, up to 1 mm. or more in thickness, are charged with dissemi- 
nated grains of glass-clear orthoclase, 0.01 to 0.05 mm. in diameter and 
without good crystal form. A few irregular grains of quartz, with simi- 
lar dimensions, are usually associated. Other laminae are very rich in 
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clumps and lenticular masses of similar, minute crystals of orthoclase, 
which are interlocked and thus without crystal form (see fig. 7 of the 
writer’s memoir). The clumps and lenses of feldspars regularly enclose 
many rhombohedra of dolomite. Occasionally in thin section one sees 
entire laminae, up to 1 or 2 mm. in thickness, composed of about equal 
parts of orthoclase and dolomite. The feldspar is clearly not of clastic 
origin. 

Analysis of the rock gave the following result, which has been thor- 
oughly checked, the alkalies being subjected to four closely accordant 
determinations by two different analysts. 


SIO ere ean se ecscte ts 30.46 OB map ncd aint aera ali 
ING OF oy 6 04 Bey wa 6.86 13 i OAs ae eS ee eee ea Lae 1.42 
Fe,03 Reser chau ccd ves layla as: ch wivevteccee wipes siiswere 4.53 CO, Dreieaelafiee a ivey sate Lehi: Tohlayte obute, Cede el vetgsie tel 22 Oe 
LENS.) 5 PSNI aaa pa a ae 1.89 
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The estimated composition of the rock (assuming the iron oxides to 
represent magnetite) is, by weight: 


per cent per cent 
Wctheclase soc ON 34.5 1) od, @ Fa: Aateeee We Em tees ner ie oer ae 2V.2 
PMIDTUSH Weis tele fad veil, fre lcd Saas W's de ae Sil CaCO ae Micah teste ile eh ooops 28.6 
(CRUISE DAG 8 AUR el AC a A 6.0 —- 
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The albite is probably in solid solution with the orthoclase. So far 
as known by published analysis no other non-metamorphosed dolomite 
or limestone even approaches the Waterton dolomite in its abundance 
of the alkalies; feldspar makes up about 40% of its volume. 

When reporting on this singular rock the writer was not aware of the 
relevant observations of Lory, Foullon, Cayeux, and others. In 1912 
the dolomite remained frankly a puzzle. The theoretical conclusions of 
Heim, Triimpy, and Foullon are therefore of value in suggesting a par- 
tial explanation of the still unique American rock. The Alberta forma- 
tion differs from the European analogues in having a dolomitic base and 
in failing to exhibit good crystal form for the feldspar. This anhedral 
character may be connected with the specially high proportion of ortho- 
clase, the numerous little crystals interfering with one another as they 
grew in the calcareous mud. The writer has not the slightest doubt as 
to the chemical origin of the carbonate material nor as to the authigenic 
nature of the orthoclase; he is inclined to refer the crystallization of the 
feldspar to the early period when the sediment was not yet consoli- 
dated nor deeply buried. 
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If Foullon, Grandjean, Triimpy, and Heim are correct in regarding 
these albite and orthoclase crystals as chemically precipitated aé the sea 
floor, the formation temperatures must have been well below 100°C. 
If, on the other hand, the crystals developed only after burial of their 
calcareous matrices, the formation temperatures were nevertheless com- 
paratively low. The Paris-basin rocks were never buried more than a 
few hundred meters. Assuming a burial of 1000 meters and the present 
thermal gradient (3° per 100 meters of depth), the formation tempera- 
tures could hardly have reached 100°. Though the burial was deeper 
for other cases (Alberta and the Alps), formation temperatures of much 
more than 200° cannot well be assumed, even if the crystallization were 
delayed until the maximum sedimentary covers were completed. 

In any case the Paris-basin limestones apparently prove that albite, 
orthoclase, and quartz are crystallized in calcareous muds at tempera- 
tures lower than 100° and probably lower than 70°. Since this paper 
was practically completed for publication, it was found that Doelter!® had 
already assumed a formation temperature of ‘perhaps 100°’ for the 
potash feldspars of the Paris-basin Chalk. 

The lowest recorded temperature at which orthoclase has been arti- 
ficially prepared is 300°. That feat was accomplished by Chrustschoff," 
who developed both orthoclase and quartz in an aqueous solution of 
dialyzed silica with alumina and caustic potash, kept for several months 
at the temperature mentioned. Friedel and Sarasin” using analogous. 
solutions in bombs, produced albite, orthoclase, and quartz in much 
shorter periods, but they employed a temperature of 500°. These ex- 
periments suggest that time may be one of the important factors aiding 
the crystallization of alkaline feldspars at very low temperatures. 

What the exact chemical conditions for these noteworthy precipita- 
tions in calcareous mud were, is a question now impossible to answer. 
Perhaps the abundance of lime in the muddy matrices affected the solu- 
bility of the alkalies in sea-water;!* one should further consider the pos- 
sible influence of decaying animal matter on the various solubilities in- 
volved. The astonishing concentration of potash feldspar in the Water- 
ton dolomite accentuates the difficulty of the problem. 


1 Heim, A., Beitr. geol. Karte Schweiz, N. F., Lief 20, 1916, (514, 543, 561, 567). 

2 Triimpy, D., Jbid., Lief., 46, 1916, (83, 108). 

3 Kaufmann, F. J., [bid., (Ser. 1), Lief., 24, 1886, (583). 

4 Lory, C., Paris, C.-R. Acad. Sci., 103, 1886, (309). 

® Lory, C., Ibid., 105, 1887, (99). 

6 Foullon, H. B., Sitzber. Wiener Ak., 100, Abt., 1, 1891, (162, 169). 

7 Cayeux, L., Pans Mém, Soc. Géol., 4, No. 2, 1397, (259, 279, 303, 432-434). F. Grand- 
jean, Paris, C-R. Acad. Sci., 148, 1908, (723), holds that these potash feldspars described 
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by Cayeux have the optical properties of microcline. Termier found authigenic albite crys- 
tals in the Flysch limestone of Briancgonnais. Compare Rosenbusch, H., Elemente “der 
Gesteinslehre, 3te Aufl., Stuttgart, 1910, (520). “Authigenic” means ‘“‘formed in situ.” 
8 Grandjean, F., Paris, C.-R., Acad. Sci. 148, 1908, (723). 
9 Daly, R. A., Geol. Surv. Can., Memoir No. 38, 1912, (50). 
10 Doelter, C., Handbuch der Mineralchemie, Dresden, Bd. 2, 2te Hialfte, 1915, (556). 
11 Chrustschoff, K., C.-R. Acad. Sci., 104, 1887, (602). 
12 Friedel, C., and Sarasin, E., [bid., 92, 1881, (1374). 
13 Cf, Zschimmer, E., in C. Doelter’s Handbuch der Mineralchemie, 1, 1912, (910). 


THE INTERFEROMETRY OF SMALL ANGLES, ETC. METHODS BY 
DIRECT AND REVERSED SUPERPOSED SPECTRA 


By Carl Barus 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY* 
Communicated September 21, 1917 


1. Introductory.—It occurred to me that a number of the methods 
treated in my papers on direct and reversed spectrum interferometry 
might be used directly for the measurement of small angles and possibly 
of the distance of the source of light. Such a procedure would have an 
apparent advantage, at least theoretically, of not calling for the prelimi- 
nary superposition of the images of distant objects, as the superposition 
is inherent in the method itself. But there are large constants involved 
which make the result very problematical, unless these constants can 
be renoved by a compensator. It is very questionable, moreover, 
whether, appreciable interferences can occur, and another difficulty 
which hampers the method is the decrease in the size of objects as 
their distances increase. A progressive investigation with the object of 
ascertaining to what degree the experiment is feasible is nevertheless 
worth while. It will be convenient therefore first to develop the 
methods without reference to the ulterior conditions which limit the 
interferences and this method has been pursued. 

2. Method with Prism.—Figure 1 is a sketch of one of the methods in 
which S is the distant source of light, from which rays d and d’ strike 
the mirrors m and n, are thence reflected to the silvered sides of the 
right angled prism P. After leaving it the rays enter the spectro-tele- 
scope at T in parallel. If the proper angles are selected the prism P 
may be replaced by one of any angle or by a reflecting grating. 

Suppose now the system mPn is securely attached to a rigid metallic 
beam or rail capable of rotating around a vertical axis at its center (P). 
This is indicated in figure 2 where the direction of rays and the normals 


* Advance note from a Report to the Carnegie Institution of Washington, D. C. 
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of mirrors have been drawn and where the angle of rotation a has placed 
mPn into the position m’Pn’. The result is that a part y of the ray d 
is cut off on the left side and a part x added to the ray d’ on the right 
side, so that the path difference which may be assumed to have been 
zero originally is now appreciably incremented, but not symmetrically 
for both sides. 

It may be shown however that the rays n’P2T, and m’P,T;, still enter 
the telescope in parallel and that therefore the conditions of interference 
have not been disturbed. This is the interesting feature of the method. 

It will contribute to a more adaptable design of the apparatus for 


8 


g 


general interferometry, if the ray Sn’ may also be reversed by reflec- 
tion parallel to itself from a normal mirror n”, allowing a small lateral 
offset, similar on both sides for clearance of the mirrors. Again half 
silvers may be used at m and mn for transmission and reflection, which 
method is probably best. These details will here be disregarded. If 
small angles are to be measured the direct ray method is enormously 
more sensitive. 

3. Equations—To derive the equations certain intercepts of the 
rays figure 2 in addition to x and y, may be defined. PP, P2 is the trace 
of the vertical plane of symmetry of the right angled prism, if rotated 
at an angle a to the right. In this case the reflected ray n’Pog on the 
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right corresponds to the reflected ray m’P on the left both terminating 
in the common wave front Pigs before entering the telescope. 


Let n’P, = c’ = bsin B / cosa sin (6 — a) 


m'P, = bsin 6B / cos asin (6 + a) 
Py — 2 —ib sina sim 8 / sin (8-— a) 


I 
a 


iq =2s =Obsinasin£/ sin (6 + a) 
andun’ =x =bdsina / sin (6 — a) 
mm =y =bsina / sin (6 + a) 


since the orginal angles at the ends of the base are 8 and the rotation 
a. The angles between incident and reflected rays are respectively 
B—2aatn’,B+2aat m’, 90° — 2aat P. and 90° + 2aat Pi. 
Finally 6 has changed to 0’ on the left and 6” on the right. 

The rays however do not reach the plane of symmetry but are re- 
flected by the faces of the right angled prism and this may be sketched 
in apart from size, in the rotated position (angle a) at Pipp’. The 
path of the reflected rays from n’ is now n’rs and from m’, m’P,, before 
they meet in the common wave front Pigs. Hence the intercepts 


rP, = w= (zg +2’) / cosa (sin a + cos a) 
rs vy = (s + 2’) (cosa — sina) / (sina + Cos a) 


will enter in treating the path differences. On the left the rays have 
not been disturbed. 

If we take the direct case first the orignal path difference SnP and 
SmP may be regarded zero or m and m in the same phase. On rotation 
therefore (angle a) the path difference is equivalent to the equation 


mne=c —-c—(w—-v+4+y 


If the above equivalents are inserted, this equation though very com- 
plicated, may to the second order of small quantities, be reduced to a 
form which, since a and 90° — @ are small angles for practical purposes 
may be abbreviated to (, order of interference). 


nr =22ba-—2ba*+2b2a/d 


The three terms correspond to the xy, wv and cc’ effect. 

In the case of reversed ray (fig. 2) we may consider the points m’ 
and ’ in the same phase. Hence the original path difference (a = 0) 
is « — y. The path difference after rotation c’ — w +v— oc. The 
total change of path difference due to rotation is thus given by 


mn=c —c—-(w-—v)-x+y 


668 PHYSICS: C. BARUS 


This differs from the preceding by the deduction of 2x. The rays again 
terminate in the common wave front Pigs to enter the telescope. Here 
the long rigorous equation reduces practically to 


1h: N= 2b 8 DP any id 


The wv effect predominates, the cc’ effect is intermediate and the xy 
effect very smal] if d is large, as already instanced. If a = 1°, 6 = 1 
meter, d = 1 kilom., \ = 6 X 10-° cm., the three terms of the first 
equation give respectively 6 X 104, 10, and 60 fringes. 

To the first order of small quantities the equations may be written, 
nmr = 2b a (cosec 8 + cot 8) andur = 62 acot gs. They may also 
be obtained geometrically by letting fall a normal from 7’ to the near 
prism face, prolonging 7; backwards and using the isosceles triangle 
obtained. In this case x + 2 (c’ — w) cos? (45° — a) — (2’ — 2) + 
y — cis the path difference and reduces to the above equation. So long 
as the nose of the prism is near the axis of rotation, the equation of 
first order quantities need not be modified. 

A very essential correction however is still needed. In the practical 
apparatus the mirrors m and rotate on a rigid radius, 0, whereas in the 
diagram (if 6 = 8 — a ando = 8 + a), b elongates on the right and 
contracts on the left to 6’ = 6 sin 6 / sin 6, and 6’ = 6 sin B / sing. 
Hence the mirrors on the right and left are displaced normally by 
(b” — b) cosB / 2 and (6 — b’)cosB/2. The path difference introduced 
is thus (0 — b) (cosa + cos 6) + (b — 0’) (cos a + cos a) which to the 
. first order of small quantities may be written 2 b a( 1 / sin 8 — sin B 
+ cot 6). If this quantity is deducted from the right of the above 
equation for path difference and direct rays there remains simply 7 A 
= 2basin£. This therefore is the equation to be used in interpreting 
the observations so that generally 2 A N cosi / A a = 2 6 sin B where 
4 = 6 / 2 for the micrometer at x. 

In the case of reversed rays the conditions on the left remain the 
same as before; whereas on the right the mirror is set at an angle 6 / 2 
to the rail. Hence the normal displacement is (b’’ — 6) sin 6 / 2 and 
the angle of incidence 90° — (6/2 — a). Thus the full path difference 
here to be deducted is (6’’ — 6b) (cos a — cos6) +2 (6 — 0’) (cosa + 
cos o) which to the first order of small quantities reduces to 2 6 a cot 
6. Hence the equation for reversed rays is simply 2 A N /Aa = 0 
and we have an interesting appearance of terms of the second order 
only, which I will here omit. In general glass paths may be compen- 
sated at pleasure. 

The observations made with the present apparatus, though quite 
interesting, are beyond the purpose of the present note. The two 
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corresponding rays d and d’ were obtained by cleaving the white beam 
from acollimator symmetrically, by a knife edged prism with silvered faces. 
4. Interferences from Rough Surfaces.—The question now at issue is 
whether these interferences can be retained when the collimator is 
removed and the light comes directly from a ground glass surface or a 
Nernst filament. The spectrum fringes go at once when the slit is 
widened. Not so the achromatic sets. After obtaining this result 
with sunlight and ground glass, I replaced both by the light from a 
Nernst filament, under the impression that ground glass might, to a 
small degree, behave like plate glass. Having produced the achromat- 
ics as usual with the collimator, its objective was first removed and it 
was then seen that the two washed slit images were no longer super- 
posed. Bringing the images together (by rotation of the mirror x 
around a vertical axis), a position was soon found in which the achro- 
matic fringes appeared brilliantly in a white field, quite out of focus. 
The slit could now be widened or removed altogether, but the fringes 
persisted though with less brilliancy. It is thus possible to obtain these 
fringes directly from a Nernst filament or a narrow vertical] strip of 
sunlight. They are so mobile with changes of A N and A a, that to 
find them it is necessary first to produce the spectrum fringes with col- 
limator and spectro-telescope, then to find the achromatics on removing 
the spectroscope, next to remove the objective of the collimator and 
adjust for superposed images and finally to remove the slit. They 
practically cover the whole width of the washed slitimage withstreamers 
extending laterally into the glare some five times further. Slit images 
may even be slightly separated while each alone retains the achromatic 
fringes, a rather puzzling phenomenon. One may note that the slit 
images here are not reversed. | 
Experiments made as to the nature of these achromatic fringes 
showed that they are probably Fresnellian interferences. Toprove 
this the objective of the collimator was removed and strong fringes 
obtained by passing the two vague images of the slit gradually over 
each other, horizontally. The fringes in this motion passed from hori- 
zontal maxima of size gradually to vertical hair lines as the images 
slid from contact of their nearer edges to contact of their further edges. 
The coarse fringes were even strongly present in the narrow dark gap 
between slit images prior to contact. The telescope was now focussed 
on the slit so that sharp linear images appeared. The fringe then 
vanished, but it appeared that the coarse fringes corresponded to coin- 
cident sharp slit images when observed out of focus, and the fine hair 
lines to sharp slit images far apart also seen out of focus. The whole 
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phenomenon thus depends on the distance apart of two sharp lines of light 
and the interferences are observable before or behind their focal plane. 

5. Reversed Rays.—lf the necessary excess of path on the right is 
compensated by a glass column on the left (usually 10 or 15 cm. long), 
the spectro-telescope on adjustment shows a field of concentric half 
ellipses, all terminating in a vertical axis. These interesting phenomena 
are unfortunately not available for measurement as the terminator is 
not sharp enough and as their motion is necessarily sluggish in view 
of the large excess of glass path on one side. The achromatic fringes 
are not producible. For practical work the glass path must be replaced 
by an air path obtained by aid of an offset consisting of two pairs of 
parallel plates at right angles to each other. These not merely com- 
pensate without changing the direction of rays, but on rotating the 
plates as a whole around a horizontal and a vertical axis, they addition- 
ally serve for producing ellipses of any size and of centering them. 
Achromatie fringes are now brilliantly producible. The variety of 
observations made will however have to be given elsewhere. 

6. Plate Method.—In view of certain difficulties encountered in the 
use of reflecting prisms, in particular the loss of rays at the edge, the 
method of figure 3 enlarged in figure 4 was devised. In this the prism 
is replaced by a half silver plate PP’. Hence the rays issuing at S and 
reflected by the opaque mirrors at m and 1, are thereafter respectively 
transmitted and reflected by the half silvered plate PP’ and then reach 
the spectro-telescope at T together. When the path differences are 
sufficiently equal, elliptic interference fringes will be seen in the spec- 
trum. When first found they are usually very fine straight lines; but 
they may be rectified by plate compensators in the beams d and d’ or 
mp and np, though the operation is not easy. Leaving these details 
for further consideration elsewhere, the procedure for angular measure- 
ment may advantageously be treated here. For this purpose the half 
silver P and one opaque mirror, ” for instance are mounted on arigid 
bar with an axis at P. The other mirror m is to remain fixed. If the 
bar is now rotated over a small angle a (fig. 4), the mirror at 7 is dis- 
placed to nm’ and the ray Sn prolonged (intercept x) is now reflected 
from n’ to g and thence along 7” into the spectro-telescope, parallel to 
its original direction or to the other ray mp. Hence the interferences 
remain intact but many fringes pass during the transfer. The persis- 
tance of parallelism is easily seen to be the essential feature of the method. 

To control the fringes either the mirror at m (or at m) may be dis- 
placed on a micrometer screw normal to itself, or the half silver plate 
at P may be displaced parallel to itself. If the angle of incidence at 
n is i and the normal displacement of m is e the path difference intro- 
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duced will be 2e cosz. Similarly if the normal displacement of the plate 
P is e’ and the angle of incidence 7’, the path difference will be 2e’ cos 7’. 

As in the preceding experiment the mirror at ” may be a half silver, 
so that the ray, d, passes through it and may then be returned in its 
own path by a mirror at 7’, on a fixed standard but provided with a 
micrometer. The displacement of this mirror parallel to itself over a 
distance e, introduces the path difference 2e, while during this motion 
the rays np or n’q are now stationary. Beams of light do not pass 
through each other and the interferences are kept at full intensity 
throughout. The glass path at compensates the glass path PP’ 
The air path excess 2mm” on the right must be specially compensated 
by an offset in d, as explained above. 

7. Equations.—The rigorous equations for this case are cumbersome. 
If in figure 4, m and m are in the same phase and Pp is symmetrical, 
there will be no path difference at . When Pn is rotated over an 
angle a into Pn’, the path on the right becomes mn’ + n’g + gs while 
(ps, wave front) the path on the left remains mp as before. The path 
difference is thus the difference of these quantities to which however 
the increased glass path at PP’ would have to be deducted. If the 
angle SnP is 8 and Pnp y, the values of the branch paths may be found 
to be (since nP = mP = b)isB —a =é6andy—a=r 


mp =np = b/ cosy 
nn’ = b sina / sin 6 


no — 0 sin 8 / sind Sin) 7 


Hence gs and the path difference are complicated expressions which 
need not be inserted here. 

If a is small, so that differential expressions may be introduced, the 
rigorous equation (to an approximation of the second order in @) is 
finally equivalent to” \ = ba (1 + cos (6 — y) ) /sinB. Tf B = 90°, 
ny =ba+ pacos y, where p is the distance Pp. The same expres- 
sions may be obtained geometrically by prolonging n’P and T’g and 
treating the isosceles triangle produced. 

For the case where the ray Sz prolonged returns on itself as from 
n’, in figure 4, n being a half silver plate, the quantity nn’ = 2% = 
2 ba /sin 6 must be deducted. Hence 2 \ = ba(1— cos (8 — y) ) / 
sin 6. When y = 0, this equation coincides with the case of the prism 
method apart from the factor 2. 

It is finally necessary to apply the correction for the occurrence of a 
constant radius of rotation, whereby the mirror m is both rotated and 
displaced. If the distances Pu = b and Pn’ = 6”, the normal displace- 
ment is e (b’’ — 6b) cos (8 — y) / 2. The angle of incidence being 
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(8 + y) /2 — a, the corresponding partial path difference works out as 
(db — bd) (cos (8 — a) + cos (y — a) ); or finally in full as } a (cos? B 
+ cos 8 cos y) / sin 8. Subtracting this from the first equivalent of 
n » above, the equation to be used for non-reversed rays becomes 
_ nd= ba(sinB + sin y) when a is small. As the angle of incidence at 
the mirror at 7 is (6 + y) / 2, and if A WN is the displacement of this 
micrometer, the practical equation is thus 2 A N cos (6 + y) / 2 = 
b (sin 6 + sin y) Aa. 

For reversed rays the norma] displacement is (’’ — b) sin (@ — y) / 2 
and the path difference for small a therefore 6 a cot B (cos (y — a) 


— cos (@ — a) ). Subtracting this from the corresponding equivalent — 


of m d, the equation for reversed rays is thus z } = 6 a (sin B — sin y) 
or in the practical form as the incidence is now zero, 2A N = 6 (sin B 
— sin y) Aa. 


All equations contain the distance of the remote bie at S, ‘in 


sin 8, so that d occurs as a second order quantity. 


Observations (also to be omitted here) were made in great variety 


with this apparatus, a knife edge prism at S cleaving the white beam 
from a collimator. To obtain strong full spectrum ellipses, the rays 
T and T’ must not only be parallel but interpenetrate so far as possible. 
If p and gq are a few millimeters apart all fringes vanish. For this ad- 


justment the compensator is again convenient and for reversed rays it 


must be of the offset type described. One may notice that the slit 
images are here mirror images of each other. Nevertheless brilliant 
achromatics may be obtained even from rough surfaces, if narrow, by 
the succession of operations given above. Both these and the spectrum 
fringes are available for measurement. The achromatics are most 


serviceable if tranverse to the slit image as they then rise and fall with 


the play of the micrometer. To obtain them, the center of ellipses 
must be placed in the vertical through the telescopic field; but above or 
below it. In other words the spectrum fringes are to be horizontal. 
Even when (as in the preceding section in view of the half ellipses) 
horizontal spectrum fringes are precluded, the achromatic fringes will 


be found by adjusting as if the former were to appear. The best ach-: 


romatics consist of but one or two fringes, sharply in black and white, 
with three or four much fainter fringes on either side. ‘These occur 
frequently, but how to differentiate them systematically from the other 
groups of 10 or 20, more nearly uniform and therefore less serviceable 
fringes, I have yet to learn. Al] must be treated with caution, however, 
for they move through the field of the telescope so rapidly that if lost it 
is usually expeditious to seek for them again through the spectrum fringes. 
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INCOMPATIBILITY OF MUTANT RACES IN DROSOPHILA 
By C. W. Metz and C. B. Bridges 


CARNEGIE STATION FOR EXPERIMENTAL EVOLUTION, AND COLUMBIA UNIVERSITY 
Communicated by C. B. Davenport, October 17, 1917 


Perhaps the most characteristic difference between ordinary mutant 
races in the laboratory or experimental garden, and incipient species in 
nature, is the difference in their ability to hybridize. Mutant races 
usually exhibit complete inter-fertility, while species, as a rule, are inter- 
sterile. If this distinction, based on fertility of mutants, were found to 
be a fundamental one (i.e., of universal application) it would offer a 
serious objection to the hypothesis of evolution through mutations, but, 
conversely, if it were not found to hold universally the objection would 
be removed or greatly minimized. The accompanying observations 
seem to indicate that the distinction does not hold universally. 

In our cultures of Drosophila two cases have arisen in which mutant 
races exhibit an incompatibility that is. indistinguishable, so far as we 
can see, from that found in nature between distinct species. One of 
our cases appeared in cultures of Drosophila virilis at Cold Spring 
Harbor, the other in cultures of Drosophila melanogaster (ampelophila) 
at Columbia University.2, Each case involves two mutants (apparently 
allelomorphs) that either refuse to cross or else give sterile hybrids— 
a situation comparable to that in the familiar case of the ass and horse. 
The essential data from out experiments are as foHows: 

1. In Drosophila Virilis——Among eight sex-linked mutant characters 
in this species are two called ‘glazed’ and ‘rugose,’ that appeared inde- 
pendently, but almost simultaneously, over a year ago. Pure stock of 
each race breeds readily, and in this form both have been kept in the 
laboratory for over fifteen generations; likewise, each has been crossed 
with several other mutants as well as with the normal, and has shown 
a high degree of fertility in all cases. But when mated together their 
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behavior is very different; ‘glazed’ females by ‘rugose’ males have entirely 
failed to give offspring, and the reciprocal cross,‘ although easily ob- 
tained, gives sterile hybrids (i.e., sterile females—these being the only 
hybrid individuals). In other words, it has been impossible thus far to 
get an I, generation from the cross, no matter how the mating was made. 

No accurate record has been kept of the earlier experiments with the 
two forms, but at least a score or more of matings were made at different 
intervals during six or eight generations. Among the more recent at- 
tempts, in which a record was kept of all F; matings, the following may 
be cited: One experiment began with about a dozen reciprocal matings 
between glazed and rugose, using several flies in each bottle. At least 
three of these, in which glazed males and rugose females were used, gave 
many offspring. Fourteen large, vigorous females were selected from 
the latter and mated singly to several males—eight to rugose males, six 
to normal males. ‘They were all given the best possible cultural condi- 
tions and treated exactly like other mutants of various kinds that were 
mated at the same time. Practically all of the latter gave abundant 
progeny, but nota single offspring appeared in any of the fourteen bottles 
containing glazed-rugose hybrids, though the flies lived for a long time 
(much longer than the ordinary length of one generation). Another 
experiment was made in a different way. ‘This time females hetero- 
zygous for glazed were mated to rugose males, and females heterozygous 
for rugose were mated to glazed males. These gave daughters half of 
which were heterozygous for either rugose or glazed, and half of which 
were heterozygous for both rugose and glazed. Forty-five females from 
such cultures were mated singly to various males (mostly normal). 
Twenty of the females were from the first mating, twenty-five from the 
second. Out of the twenty females nine gave abundant offspring and 
eleven gave none; out of the twenty-five females fourteen gave offspring, 
eleven gave none; or, out of the total of forty-five, twenty-three gave 
offspring and twenty-two did not. In three cases the female died before 
the records were made, so the numbers are subject to that much error, 
but in all of the others the flies lived to twice or three times the age at 
which offspring are ordinarily produced. Of the twenty-three females 
that did give progeny, every one proved to be heterozygous for only one 
of the characters concerned—1.e., those from the first mating were hetero- 
zygous for rugose but not glazed; those from the second mating were 
heterozygous for glazed but not rugose—leaving no doubt that the sterile 
females were those carrying both glazed and rugose. 

It is difficult to avoid the conclusion that we are dealing here with a 
complete, or at least a high degree of incompatibility. That it is spe- 
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cific for the two mutants in question, and is not an ordinary case of 
sterility, is shown by the fact that both mutants are fertile and give 
fertile hybrids with other mutants and with the normal. Furthermore, 
the sterility of the hybrids in question is in no way dependent upon the 
males used, at least so far as normal, rugose and glazed are concerned, for 
all three kinds have been tried. 

2. In Drosophila Melanogaster (Ampelophila) ne case found in 
D. melanogaster may be.summarized as follows: A mutant form, ‘notch’ 
wing, crossed to the fully fertile mutant ‘facet’ eye, gave F, hybrids 
which were completely sterile with the common parent type and with 
one of the mutant forms, facet. 

The sex-linked mutant, notch, is principally characterized by a notch 
of definite type but variable extent in the tip of the wing. Notch is 
dominant in the female, and in the male actsas a lethal. The locus of 
notch was found to be at approximately 2.6.3 In an attempt to locate 
the gene for notch more accurately, it was decided to use in a linkage ex- 
periment the recessive mutation facet? whose locus had been found to be 
at approximately 2.2, very close to the supposed position of notch. Ac- 
cordingly, when notch reappeared (December, 1915), the single notch 
female, which appeared as a mutation in a pedigreed culture, was mated 
to yellow facet males (yellow is a recessive body color whose locus is at 
0.0). 

The F, generation furnished a surprise, for every one of the daughters 
that was notch was also facet! Two explanations of this peculiar ‘com- 
pounding’ of notch and facet are open to us: either the notch mutation 
is a deficiency‘ for facet, or the two mutant forms are allelomorphic. 

It had been the intention to backcross a number of the expected F, 
notch females to yellow facet males in order to secure sufficient linkage 
data upon the relative positions of these factors. When it was found 
that facet showed an apparent dominance with notch this plan pre- 
sented difficulties. Nevertheless, nine of the notch-facet daughters 
were mated to yellow facet males as originally planned, while six more 
were mated to yellow notch-facet males. Not one of these fifteen females 
produced offspring. It was then realized that this relation was unusual, 
and a second effort was made to secure offspring. Fresh males were 
given to the remaining females (three having died) and they were trans- 
ferred to fresh culture bottles. The discarded parent bottle was also 
rescued and three additional notch-facet females—the last to hatch— 
were secured and likewise mated to yellow facet males. No offspring 
were produced. Since the death of these females ‘without issue’ would 
mean the loss of the mutation and would shut the door on the solution 
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of the problem, a third, but equally unsuccessful, effort was made by 
transferring such females as were still alive to fresh culture bottles. 

So many matings were attempted that it is impossible to regard their 
failure as accidental or as due to poor cultural conditions. It must be 
considered established that the fertility of the notch-facet hybrid was 
of a different order from that of either parent race. 

Notch has reappeared on at least three other occasions, and in one of 
these cases the facet test has been made. The new notch-facet test gave 
the peculiar notch-facet compound, but this compound was fully fertile. 
The original facet cross had been made to a notch which arose by a 
separate and independent mutation, and was probably not identical with 
the notch of the later test but was an allelomorph. ‘The original notch 
seemed to be a somewhat more extreme type than the others. Further- 
more, a parallel case (in D. melanogaster) has been found, in which two 
allelomorphs that differ little in appearance differ markedly in their fer- 
tility relations. The mutation lethal 2 gave an aberrant linkage result? 
which led to tests for deficiency by mating lethal 2 females to males of 
mutations whose loci were known to be close to that of lethal 2. Inthe 
test by the recessive ‘club’ the same apparent dominance was found as in 
the case of notch-facet;—that is, females heterozygous for lethal 2 
mated to club males gave half the daughters club and half normal, and 
it was easy to demonstrate that the ones that were club were also the 
ones that were lethal 2, for these lethal 2-club hybrids were fertile. In 
other crosses not involving club very rarely a male having the lethal 2 
gene was able to hatch, and these males, which showed all the character- 
istics of club, were completely sterile. 

3. If we imagine such cases as these to occur in nature it is evident 
that they might be of evolutionary significance. For instance, suppose 
that the two mutants ‘glazed’ and ‘rugose’ of D. virilis appeared in the 
wild state. Their establishment would depend, of course, upon the via- 
bility of the mutants, and in this particular instance one of them (glazed) 
would probably be eliminated, although the other, judging from its 
vigor, would stand a good chance of surviving. But the consideration 
of viability need not affect the case as an illustration, for it must be 
assumed a priori that any variants, to be of evolutionary significance, 
must be viable. Supposing, then, that the two mutants in question 
appeared as viable forms in nature; the result would be a composite 
species consisting of three types, two of which were fertile with the third 
but infertile with one another. If for any reason the third type (in 
this case the normal) were to be eliminated, the first two would become 
distinct species, even though they differed in only one or two external 
characters to begin with. 
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This scheme involves an obvious difficulty, in that it assumes the 
elimination of what would probably be the most numerous and wide- 
spread of the three types—the normal or parent type—while the proba- 
bilities greatly favor the elimination of one or both mutant types. If we 
slightly alter the conditions of the case, however, the difficulty is re- 
duced. Supposing that instead of the two mutant races arising from the 
normal stock, only one (a) has this origin, while the second (b) is derived 
in turn from the first one, and that, instead of the two mutants being 
incompatible with each other, the second is incompatible with the normal. 
In this case the first mutant (a) acts simply as an intermediate step be- 
tween the two incompatible forms, normal and mutant (b), and if it 
is eliminated the other two stand as distinct species. Here we have a 
case which differs in no essential respect from the former, but which is 
less improbable in that it involves the elimination of one of the mutant 
forms instead of the more widespread parent stock. 

The same sort of scheme applies equally well to the case in D. melano- 
gaster, so far as illustrative purposes are concerned. In this particular 
instance it happens that one of the mutant characters (notch) is a domi- 
nant that cannot be obtained in a homozygous condition because of its 
lethal effect, and hence the mutant could never make a pure race; but 
there is no necessary connection between lethal action and incompati- 
bility. 

In connection with these experimental data it is interesting to note 
two other lines of evidence, taken directly from wild flies. First, with 
respect to the question of whether or not mutant races can survive in 
nature, it may be recalled that the possibility of such survival is prac- 
tically demonstrated by such cases as that described by Sturtevant in 
Drosophila repleta.’ Two forms of this fly are found existing side by 
side in the wild state, and one of them is a typical sex-linked recessive to 
the other. There is every reason to believe that one of these has arisen 
from the other by mutation, and bears the same relation to it that any 
one of the above mutants does to the normal of its species. If we sup- 
pose that either of these forms in D. repleta gives rise to a third form that 
is incompatible with the other, and then becomes eliminated itself, we 
have all of the necessary steps in the formation of a new species; and 
the case differs in no essential respect from the hypothetical ones outlined 
above. 

Another line of evidence (also from D. repleta) bears more especially 
upon the question of incompatibility in wild races. Here, instead of 
two wild forms that interbreed freely but are unlike in appearance, we 
have two varieties that refuse to interbreed, but are extremely similar in 
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appearance. They are so similar, indeed, that it is very doubtful 
whether they would have been recognized, even as varieties, if cytological 
examination had not shown them to differ in respect to their chromo- 
somes,® and if they had not been bred in the laboratory to test their com- 
patibility. Here is an apparently clear case of incipient species forma- 
tion. It seems practically certain that these two varieties, or species, 
have had a common origin, and that their individuality at the present 
time is due mainly to their incompatibility. Either of them would, in 
our opinion, pass for a mutant race of the other; and it is not difficult 
to imagine that they might have become differentiated from one an- 
ther in some such way as that outlined above; i.e.,. by mutations that 
brought about incompatibility. With the incompatibility once estab- 
lished they are now free to diverge more and more until they become 
clearly differentiated from one another. 

4. To recapitulate: The evidence from two cases of incompatibility 
between mutants in laboratory cultures, together with evidence from 
what appear to be mutant forms and incompatible varieties in nature, 
tends to remove one of the most serious objections to the mutation 
hypothesis, and lays emphasis upon the possible evolutionary importance 
of mutations involving incompatibility. 


1JIn each case the two respective mutants appeared in pedigreed laboratory cultures, 
leaving no doubt about their being typical ‘mutants.’ 

2 For additional data on the mutants in D. virilis see Metz, C. W., Genetics, Princeton. 
1916 , 1 (591-607); for data on those in D. melanogaster see Morgan and Bridges, Washington, 
Carnegie Inst., Pub., No. 237, 1916. 

3 Morgan and Bridges, op. cit. 1. 

4 Bridges, C. B., Genetics, Princeton, 2 (445-465). 

5 Sturtevant, A. H., Amer. Nat., Lancaster, Pa., 49,1915 (190-192). Other cases of a simi- 
lar sort could be added; this one is used because it is taken directly from a Drosophila. 

6 Metz, C. W., Amer. Nat., Lancaster, Ra. 50, 1916, (597). 


ABSORPTION EFFECTS IN THE SPIRAL NEBULAE 
By Heber D. Curtis 


LICK OBSERVATORY, UNIVERSITYjOF CALIFORNIA 
Communicated by W. W. Campbell, October 18, 1917 


A study of the negatives of spiral nebulae obtained with the Crossley 
Reflector has shown that the phenomenon of dark lanes caused by occult- 
ing or absorbing matter is much more frequent than had previously been 
supposed. A paper of considerable length on this subject, in which the 
evidence is supplied chiefly by half-tone illustrations of seventy-seven 
spirals, will be published soon by the Lick Observatory. An abstract 
of that paper follows. | 
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A first division of the evidence is supplied by those spirals which are 
seen edgewise, or nearly so, and show indubitable evidence of an ab- 
sorbing lane (cf. fig. 1 for three typical examples of this class). Twenty- 
nine such objects have been photographed, and the published descrip-. 
tions of nine additional edgewise spirals, not yet photographed, clearly 
indicate that they also should be included. 

That thirty-eight of the larger edgewise spirals should show clear evi- 
dence of bands of obstructing matter must be regarded as establishing 
that this phenomenon is a very common one, and is probably the rule 
rather than the exception. 

A second division of the evidence is afforded by that large group of 
spiral nebulae whose principal planes make a slight but appreciable 
angle with our line of sight. Any actual irregularities due solely to 


FIG.. 1 


asymmetry of form in the spiral nebulae should, taking a sufficiently 
large number of cases, show asymmetrical effects oriented at random with 
regard to the position of the major axis of the projected (elliptical) 
images. This, however, is not the case. In the relatively frequent 
cases where the greatly elongated spirals show any lack of symmetry, 
such asymmetry is almost invariably with reference to the major axis 
of the ellipse. This asymmetry manifests itself frequently in ‘lanes’ 
prominent on one side of the major axis and faint or invisible on the 
other, in a fan-shaped nuclear portion, in an apparent displacement of 
the nebular material on one side of the major axis, or in various combi- 
nations of these effects. Fifteen elongated nebulae show prominent 
dark lanes on one side of the major axis. Contributory evidence is 
afforded by thirty-one spirals in which the nebular matter is markedly 
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fainter on one side of the major axis of the projected ellipse, or in which 
it appears to extend farther from the apparent center on one side of 
the major axis. A fan-shaped nuclear portion is prominent in thirteen 
elongated nebulae. Figure 2 shows a typical example of this group. 

It is not impossible that these effects may be due to the same general 
cause which produces analogous effects in our own Galaxy, though there 
is manifestly a good deal of assumption in postulating the same char- 
acter of occulting material in the vicinity of objects so different in 
spectrum, in space distribution, and in space velocity, as the spirals and, 
for example, the great diffuse nebulosities. It will be of interest, how- 
ever, to mention some probable intra-galactic manifestations of occulting 
material. 

a. Many diffuse nebulosities show a marked falling off in the number 
of faint stars in their immediate vicinity. Very faintly luminous or 
non-luminous matter in the peripheral regions of these nebulae seems to 
offer the only possible explanation. 


BiG: 2 


b. The ‘Coal Sacks’ and other starless regions in or near the Milky 
Way seem to be best explained as due to the interposition of great ex- 
panses of occulting material between these areas and our own position 
in space. 

c. Professor Barnard has described many small starless regions, which 
he believes to be ‘dark nebulae,’ and a number of these are available 
for study on negatives taken with the Crossley Reflector. It is impos- 
sible to believe that these are actual ‘holes’ in the Milky Way. As 
Campbell has pointed out, the age of these must be of the order of 
hundreds of millons of years, and the random motions of the stars would 
long since have obliterated the clear-cut edges, if not the entire phenome- 
non, if they ever had the character of ‘holes.’ 

d. Similar dark patches are seen projected on the luminous back- 
ground of many of the giant diffuse nebulosities. It is impossible to 
conceive that these clear-cut spots are ‘holes’ extending through a mass 
of nebular matter for distances measured in light years. 
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e. About twenty-five spectroscopic binaries are known in which the 
H and K lines of calcium do not partake at all of the periodic shift 
shown by the other spectral lines, or give a markedly smaller range of 
radial velocities. This phenomenon is well explained by the interposi- 
tion of a cloud of invisible calcium vapor between us and the binary. 
All but one of these stars are located in or near the Milky Way, and 
several are in or near dark rifts of the Milky Way. 

f. There exists a sidereal arrangement for which no adequate explana- 
tion has yet been found—the peculiar grouping of the spiral nebulae 
about the galactic poles, and the entire absence of these bodies in the 
Milky Way structure. It has been suggested that occulting matter in 
the peripheral regions of our Galaxy cuts off from our view all spirals 
lying in or near our galactic plane, and presumably far outside of our 
stellar system. : 

g. There is strong evidence that much absorbing material exists in 
the outer strata of planetary nebulae. 

In the case of the edgewise and nearly edgewise spirals, the evidence 
for occulting material seems unquestionable. Vacant spaces dividing 
these objects into two similar and parallel nebular forms would appear 
to be mechanically inconceivable. For nebulae whose planes make 
larger angles with the line of sight, the alternative hypothesis that these 
appearances are mere open lanes encounters several difficulties. Such 
lanes should show most clearly at the ends of the major axes of the 
elongated nebulae, for there the foreshortening effect due to the inclina- 
tion of the nebular planes would be least. But the photographs leave no 
doubt that these dark lanes are invariably parallel to the major axis, and 
are most apparent near the ends of the minor axis. 

A possible phase effect might be proposed as an explanation of the 
differences of intensity on opposite sides of the major axis. But sucha 
theory demands that the light of the spirals be due to reflection. Against 
this theory may be urged: 

a. All attempts to detect evidences of polarization in the spiral nebulae. 
have given negative results. 

6. The reflection hypothesis demands that the light of the outer por- 
tions of the nebulae should come ultimately from a central nucleus, or 
star, or aggregation of stars of sufficient brightness to illuminate the 
outer portions, and that these outer portions should in general be fainter: 
than we find them. Many nebulae have no such central condensations, 
and in others the nucleus is so faint as to be entirely inadequate. Many 
others show patches of nebular matter in the outer regions of the nebu- 
lae which are as bright as or brighter than the central part,—an im- 
probable result on the reflection hypothesis. 
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If we could observe our own Galaxy from a sufficient distance, it 
would probably have many resemblances to a spiral nebula (compare 
Easton’s work on the Milky Way as a spiral). The evidence adduced 
that rings or whorls of occulting matter are of very frequent occurrence 
in the spirals is a point of great weight in connection with the evidences 
of similar matter in our Galaxy. In particular, the results may be 
regarded as bearing very directly on the only hypothesis which seems to 
explain the peculiar grouping of the spirals: that the invisibility of 
spiral nebulae in our Galaxy and their scarcity in the regions contiguous 
to our Galaxy are due to the presence of occulting matter in the outer 
confines of our stellar system. 


THE SYNERGETIC ACTION OF ELECTROLYTES 
By Oran L. Raber 


LABORATORY OF PLANT PHYSIOLOGY, HARVARD UNIVERSITY 
Communicated by G. H. Parker, October 20, 1917 


Numerous cases are reported in which a mixture of toxic salts is less 
harmful than either salt used by itself. This has been called antagonism 
since one salt antagonises the action of the other. Theoretically the 
opposite action may exist, in which one salt increases the toxicity of the 
other. I suggest that this be called synergy. Very few cases of this are 
reported! and in some instances there is difficulty in deciding whether 
they really belong in this category because we lack data to show what 
the result would be if each salt acted independently of the other. Such 
data can be secured only by studying the effect of each salt separately 
and at various concentrations. 

Studies of this sort have been made by me during the past summer 
at Woods Hole. The marine alga, Liminaria Agardhw Kjellm., fur- 
nished the experimental material. The behaviour of this plant with ref- 
erence to antagonistic salts has been studied by Osterhout? who em- 
ployed the method of electrical conductivity for this purpose. This 
method was used by me in his investigations. As the details of the pro- 
cedure are the same as in the experiments of Osterhout it is unnecessary 
to describe them here. 

The salts used were the purest obtainable and the distilled water was 
not toxic to delicate test objects. 

As I was primarily interested in the effects of anions the action of a 
series of sodium salts was investigated. These included the chloride, 
. lodide, bromide, nitrate, acetate, sulphocyanide, sulfate, citrate, and 
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tartrate of sodium. The effects of the single salts and of various mix- 
tures were studied. Of especial interest are those combinations of salts 
which show increased toxicity in the mixtures. As an example of these 
we may take the effects of sodium chloride and sodium citrate. 

Solutions of these salts were made of the same electrical conductivity 
as the sea water (about 0.52M sodium chloride and about 0.58M sodium 
citrate). On placing tissue in the pure chloride we find that after about 
three hours the electrical resistance falls to about 10% of the original 
resistance and there remains stationary. ‘This represents the death 
point. In the solutions containing citrate we find that before the re- 
sistance falls as low as 10% the tissue softens so that it can not be ma- 
nipulated. Consequently the experiments with citrate are never con- 
tinued for more than twenty minutes, at which time the resistance of 
the pure sodium citrate reaches about 17% of the original. The drop 
in resistance occurs much more rapidly in the sodium citrate than in the 
sodium chloride. 


TABLE 1 


PER CENT OF ORIGINAL RESISTANCE 


100 cc. Cl ices Cl osicc: Cl SOscesi€) Sf efor, (Ol 25.cc. Cl Olce: El 
TIME IN + SE a Gin ap a ‘ 
MINUTES Olce: Z51CC: SCC. 50 cc. 63) CC; TSLCC: 100 cc. 
CITRATE CITRATE CITRATE CITRATE CITRATE CITRATE CITRATE 
per cent per cent per cent per cent per cent per cent per cent 
5 92 67 55 48 47 45 36 
10 85 47 39 on 30 29 24 
15 82 Si 30 24 PA on 20 
20 80 30 Zit 17 16 ily 17 


The above represents the average of ten experiments. 


Table 1 (in which the resistance is expressed as per cent of the origi- 
nal resistance in sea water) shows the fall of resistance in the various 
solutions. The table shows that at 23°C. (the temperature varied be- 
tween 22° and 24° during the experiment) the resistance in sodium cit- 
rate fell in the course of the twenty minutes to 17% of the original 
resistance while during the same time in sodium chloride it had fallen 
to only 80%. In the mixtures intermediate conditions are observed. 

The significance of these results is shown more clearly by the figure 
(fig. 1). Here is plotted the set of values obtained for the fifteen minute 
curve. The curve, A, is the curve of resistances found as shown in the 
table. The curve, B, is the curve of the additive effect which is ob- 
tained by diluting the citrate with water and to this adding the com- 
parative dilution effect of the chloride according to the method outlined 
by Osterhout.3 
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In the case of most cations (such as sodium and calcium) an antago- 
nism curve is obtained but here just the opposite effect isseen. That is 
to say the chloride and citrate ions neither antagonise each other nor 
remain without effect upon each other, but the presence of the two ions 
in some way increases the action of both so that the resistance is much 
lower at any given instant than it would otherwise be from mere additive 
effects. It is for this and similar effects that the author proposes to use 
the name synergy, which is hence the antithesis of antagonism. In 


| 
| 


NaCi 100% 75% 50% 


NaCit 00% 25% 25%, 00% 


507% 75% 100% 


FIG. 1. THE SYNERGETIC ACTION OF ELECTROLYTES 


Shown by curves of the electrical resistance of Laminaria, after fifteen minutes in sodium 
chloride, in sodium citrate and in mixtures of these (the proportions are indicated on the 
abscissae). Curve A, observed values. Curve B, values expected on the supposition that 
neither salt influences the action of the other (additive effect). Synergy is measured by the 
vertical distance between the curves. 


figure 1, therefore, the synergetic action is that shown by the distance 
between the curves A and B measured vertically, e.g., the distance AB.” 
Any other set of values (e.g., the five, ten, or twenty minute curves) 
shows similar results. 

That this is not a specific effect for these two salts is shown by like 
results with citrate combined with iodide, sulfocyanide, nitrate, and sul- 
fate, the data for which will be published later. Certain other experi- 
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ments also indicate that other combinations of anions other than those 
in which citrate is used also give synergy but more work remains to be 
done to establish this point. Citrates, of all the salts tried, certainly 
give the most pronounced synergy. 

Studies concerning the causes of the effects mentioned above and a 
more complete treatment of the subject are in progress, all of which it 
is hoped may appear in the near future. 

1 Lipman, C. B., Bot. Gaz., Chicago, 48, 1909, (105); Centralbl. Bakt., Jena, 36, 1912, 
(390). Loeb, J., J. Biol. Chem., New York, 28, 1916, (175). 


2 Osterhout, W. J. V., Science, New York, N. S., 35, 1912, (112). 
3 Osterhout, W. J. V., Bot. Gaz., Chicago, 60, 1915, (228). 


APPETITES AND AVERSIONS AS CONSTITUENTS OF INSTINCTS 


By Wallace Craig 
UNIVERSITY OF MAINE, ORONO 
Communicated by R. Pearl, October 18, 1917 

The overt behavior of adult animals occurs largely in chains and cycles, 
and it has been held! that these are merely chainreflexes. Many years 
of study of the behavior of animals—studies especially of the Blond 
Ring-Dove (Turtur risorius) and other pigeons—have convinced me that, 
though innate chain reflexes constitute a considerable part of the in- 
stinctive equipment of doves, few or none of their instincts are mere 
chain reflexes. On the contrary, each instinct involves an element of 
appetite, or of aversion, or both. 

An appetite, so far as externally observable, is a state of agitation 
which continues so long as a certain stimulus, the appeted stimulus, is 
absent. When the appeted stimulus is at length received it releases a 
consummatory reaction, after which the appetitive behavior ceases and 
is succeeded by a state of relative rest, a state of satisfaction. ‘The ap- 
petitive behavior serves to bring about the appeted situation by trial 
and error. The appetitive. state includes a certain readiness to act. 
When most fully predetermined this has the form of a chain reflex. 
But in the case of many supposedly innate chain reflexes, the reactions 
of the beginning or middle part of the series are not innate, or not com- 
pletely innate, but must be learned by trial. The end action of the 
series, the consummatory action, is always innate. One evidence of 
this is the fact that in the first manifestation (also, in some cases, in later 
performances) of many instincts, the animal begins with an incipient 
consummatory action, although the appeted stimulus, which is the ade- 
quate stimulus of the consummatory reaction, has not yet been received. 
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Thus the young dove when learning to drink makes drinking movements 
while searching for the water; and when its instinct to fly has ripened, it 
may make feints of flying, flapping its wings vigorously, and even aiming 
at an objective point, before it has dared to launch into the air. There 
are all gradations between a true reflex and a mere readiness to act, mere 
facilitation. In many cases the bird needs to learn to obtain the ade- 
quate stimulus for a complete consummatory reaction, and thus to 
satisfy its own appetites. | 

An aversion resembles an appetite in that it is a state of the organism 
characterized by agitation and persistency with varied effort; it differs 
from an appetite in that it continues so long as a certain stimulus, re- 
ferred to as the disturbing stimulus, is present, but ceases, being replaced 
by a state of relative rest, when that stimulus has ceased to act on the 
sense organs. An aversion is sometimes accompanied by an innately de- 
termined reaction adapted to getting rid of the disturbing stimulus, or 
by two alternative reactions which are tried and interchanged repeatedly 
until the disturbing stimulus is got rid of. An example of aversion is 
the so-called jealousy of the male dove, which is manifested especially 
in the early days of the brood cycle. At this time the male has an 
aversion to seeing his mate in proximity to any other dove. The sight 
of another dove near his mate is an ‘original annoyer.” If he sees 
another dove near his mate, he may follow either or both of two courses 
of action; namely, (a) attacking the intruder, with real pugnacity; (0) 
driving his mate, gently, not pugnaciously, away from the intruder. 
The instinctive aversion impels the dove to truly intelligent efforts to 
get rid of the disturbing situation. 

Instinctive activity runs in cycles. The type cycle, as it were a com- 
posite photograph representing all such cycles, would show four phases 
as follows. 

Phase I. Absence of a certain stimulus. Physiological state of appe- 
tite for that stimulus. Restlessness, varied movements, effort, search. 
Incipient consummatory action. 

Phase II. Reception of the appeted stimulus. Consummatory re- 
action in response to that stimulus. State of satisfaction. No restless~ 
ness nor search. . 

Phase III. Surfeit of the said stimulus, which has now become a dis- 
turbing stimulus. State of aversion. Restlessness, trial, effort, di- 
rected toward getting rid of the stimulus. 

Phase IV. Freedom from the said stimulus. Physiological state of 


rest. Inactivity of the tendencies which were active in Phases I, II, 
IIT. 


ee Sf a a —— 
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Some forms of behavior show all four phases clearly. In other cases 
one or other of the phases is not clearly present. When the bird shows 
appetitive behavior but fails to obtain the appeted stimulus, the appe- 
tite sometimes disappears, due to fatigue or to drainage of energy into 
other channels. But some instinctive appetites are so persistent that 
if they do not attain the normal appeted stimulus they make connection 
with some abnormal stimulus; to this the consummatory reaction takes 
place, the tension of the appetite is relieved, its energy discharged, and 
the organism shows satisfaction. This is ‘compensation’ in the sense 
in which that word is used in psychiatry. The cycles and phases of 
cycles are multiplied and overlapped in very complex ways. Smaller 
cycles are superposed upon larger ones. ‘The time occupied by each 
varies greatly, from cycles measured in seconds to those that occupy a 
year or even longer. 

The successive phases are not sharply separated, Thus, from the 
last phase of one cycle in a series to the first phase of the succeeding 
cycle, there is often a gradual rise of appetite; active search for satisfac- 
tion does not commence until a certain intensity of appetite is attained. 
This is what is known in pedagogical literature as ‘warming up.’ This 
gradual rise of the energy of appetite is followed (Phases II-III, or 
II-IV) by its sudden or gradual discharge. The rise and discharge are 
named by Ellis,* in the case of the sex instinct, ‘tumescence’ and ‘de- 
tumescence.’ They are important phases in the psychology of art, in 
which sphere they are named by Hirn* ‘enhancement’ and ‘relief.’ The 
discharge (Phase II) is also exemplified in ‘catharsis’ in art and in 
psychiatry. 

All human behavior runs in cycles which are of the same fundamental 
character as the cycles of avian behavior. These appear in conscious- 
ness as cycles of attention, of feeling, and of valuation. This descrip- 
tion is true not only of our behavior toward objects specifically sought 
by instinct, such as food, mate, and young, but also of our behavior 
toward the objects of our highest and most sophisticated impulses, such, 
for example, asa symphony concert. The entire behavior of the human 
being is, like that of the bird, a vast system of cycles and epicycles, the 
longest cycle extending through life, the shortest being measured in sec- 
onds, each cycle involving the rise and the termination of an appetite. 
This view helps us to understand the laws of attention; for example, the 
law that attention cannot be held continuously upon a faint, simple 
stimulus. For as soon as such a stimulus is brought to maximum clear- 
ness, which constitutes the consummatory situation, the appetite for it 
is quickly discharged and its cycle comes to an end. This familiar fact 
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illustrates the general truth that we, like the birds, have but a very 
limited power of altering the ebb and flow of our behavior cycles. Cycli- 
cal recurrence does not prove that human behavior consists of mere chain 
reflexes, neither does it prove that the instinctive behavior of birds con- 
sists of mere chain reflexes. 

Doctor Raymond Pearl read a preliminary draft of this paper and 
suggested important improvements, for which I express my thanks. 

The article of which this is an abstract will appear in the Bzological 
Bulletin. : 

1 Herrick, C. J., Introduction to Neurology, 1915, (61). 

2 Thorndike, E. L., The Original Nature of Man. 


3 Ellis, H., Studies in the Psychology of Sex. III. Analysis of the Sexual Impulse. 
* Hirn, Y., The Origins of Art. 


RAPID RESPIRATION AFTER DEATH 
By A. R, C Haas 
LABORATORY OF PLANT PHYSIOLOGY, HARVARD UNIVERSITY 
Communicated by G. H. Parker, October 20, 1917 

Various observers! have reported that respiration may continue after 
death but apparently the rapidity of post mortem respiration does not 
in any of these cases exceed the normal rate. It is therefore of interest 
to find that the marine alga Laminaria in the presence of certain reagents 
may respire more rapidly after death than in its normal state. 

In my experiments the rate of respiration was determined by measuring 
the output of CO, (at 16°C.) by means of suitable indicators added to the 
solution which had been rendered acid by the respiration of the Lami- 
naria. The method has been previously described.2 

As soon as a determination of the respiration had been made, the so- 
lution bathing the tissue was renewed and after exposure for the same 
length of time the amount of respiration was again determined. In this 
manner the respiration of the material could be followed and it could be 
seen whether it was approximately constant before the beginning of an 
experiment. This constancy was obtained in all the experiments here 
recorded. . 

In some cases (acetone 17.4% and alcohol 24.2%) the killing agent 
extracted from the plant a small amount of pigment which interfered 
with the color of the indicator. But this difficulty disappeared after 
the first two periods, as was shown by running pure hydrogen through 
the solution, after which it returned to the color found in normal sea 
water plus indicator. This method also showed conclusively that the 
acid excreted by the plant was CO, and not an organic acid. 
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The methods of killing the tissue were various. Sea water containing 
anesthetics (made up to the conductivity of sea-water by the addition 
of concentrated sea-water) was employed in many of the experiments. 
In this case the respiration was determined for several periods of equal 
length in sea-water (the'solution being renewed after each period). The 
sea-water was then replaced by sea-water containing anesthetic and the 
respiration determined after successive equal periods until death ensued, 
and for some time thereafter. 

As it was important to know the time of death as accurately as pos- 
sible, determinations of the electrical conductivity of the tissue were 
made by the method of Osterhout.* If the electrical resistance of the 
normal tissue be called 100% it is found that on killing the resistance 
falls to about 10%. When the resistance has fallen to 15% the tissue 
is for all practical purposes dead, as there is no recovery when it is re- 
turned to normal conditions. 

It was found that with sea-water approximately saturated with 
ethyl bromide the rate of respiration was about doubled. After the tis- 
sue was dead (as shown by the electrical resistance) it continued to 
respire for some time at a rate above the normal. Somewhat similar 
results were obtained when the sea-water contained 17.4% of acetone 
(by volume) and was made up to the conductivity of sea-water by the 
addition of concentrated sea-water. In this case the post-mortem rate 
of respiration is far above the normal and remains so for about 2 hours 
after the death of the tissue. This is also the case with sea-water con- 
taining 24% (by volume) of ethyl alcohol (the solution being made up 
to the same conductivity as sea-water). 

With sea-water which contained 3.2% formaldehyde, (the free acid 
neutralized with sodium carbonate and the solution made up to the 
conductivity of sea-water) it is found that at the end of 100 minutes 
after the electrical resistance shows the tissue to be dead, the rate of 
respiration has fallen to normal (before this time the rate is much above 
the normal). 

Experiments were made to ascertain whether different methods of 
killing would give different results. Tissue was exposed to running 
tap water for 19 hours (which was longer than was required to kill, as 
was shown by the electrical resistance). After the exposure, the respi- 
ration rate was too small to be detected. It is probable that in this case 
the rise and decline of the rate of respiration was completed before the 
end of 19 hours. | 

The respiration of another lot of material was determined before and 
. after killing by means of exposure to a large volume of sea-water at 


690 BOTANY: A. R. C. HAAS 


35°C. for 70 minutes (the time, as found by determining the electrical 
resistance, which was required to produce death). At the end of the 
exposure the rate of respiration in sea-water (at 16°C.) had fallen con- 
siderably below the normal. This might be expected, as the oxidases are 
usually injured or destroyed by heat. 

Preliminary experiments in which the electrical resistance was de- 
termined showed that the tissue was killed by drying for 135 minutes in 
strong sunlight in a current of dry air. Pieces treated in this manner 
were washed for 15 minutes in sea water and the rate of respiration was 
then determined. It was found to be about five times the normal rate. 
In the course of about two hours it fell to the normal. 

As it is well known that wounding,® especially if severe, may cause a 
considerable rise in the respiration, it appeared advisable in this con- 
nection to make such experiments with Laminaria. ‘The normal respi- 
ration in sea-water was first determined. After the tissue had been 
finely macerated (by means of a broken Pyrex glass-tube) on tested filter 
paper, it was rinsed from six to ten times with sea-water to free it of CO, 
and of any liberated pigment. The rate of respiration was then de- 
termined in sea-water. It was found that the injury cased a doubling 
of the rate which at the end of an hour was still above the normal. In 
this case the time of death could not be determined. 

It is therefore evident that a considerable variety of killing agents 
raise the rate of respiration above the normal and that this increased 
rate may be maintained for some time after death. The fact that the 
rate eventually falls below the normal may be due to exhaustion of 
readily oxidizable materials or to destruction of oxidizing enzymes or to 
other causes. 

That previous observers have not found a post mortem rate of respi- 
ration which is greater than the normal is probably due to the fact that 
the time of death was not accurately known and the observations were 
not commenced until the rate of respiration had sunk below the normal. 
It seems reasonable to suppose that if the rate of respiration is raised 
above the normal by an injurious agent it will not suddenly drop below 
the normal at the moment of death, but will decline gradually, as is the 
case in these experiments. 

Summary.—The respiration of Laminaria may be much greater after 
death than in the normal condition. This is the case when it is killed 
by alcohol, acetone, ethyl bromide or formaldehyde as well as by wound- 
ing, drying and other means. 
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1 Cf, Warburg, O., Ergebn. Physiol., 14, 1914, (313). 

2 Haas, A. R., Science, New York, N. S., 44, 1916, (105). 

3 This did not occur with low concentrations of these substances. 

4 Osterhout, W. J. V., Science, New York, N. S., 35, 1912, (112); Bot. Gaz., Chicago, 61, 
1916, (148). The determinations referred to in this paper were made in part by Professor 


Osterhout and in part by me. 
5 Richards, H. M., Ann. Bot., Oxford, 10, 1896, (551). Czapek, F., Biochemie der Pflan- 
zen, 2, 1905, (400 ff.). 


THE MEANS OF LOCOMOTION IN PLANARIANS 


By Caroline E. Stringer 


ZOOLOGICAL LABORATORY, RAECLIFFE COLLEGE! 
Communicated by G. H. Parker, October 29, 1917 


The ordinary locomotion of fresh-water planarians is of two types, 
gliding and crawling. True swimming movements are also used by the 
marine form, Bdelloura. When gliding, the planarian slips smoothly 
and evenly over some supporting surface, with little or no apparent 
muscular effort. It has been believed generally that this form of loco- 
motion results chiefly, or even entirely from the beating of ventral 
cilia. Crawling is accomplished through conspicuous muscular 
contractions. 

Contrary to the opinion frequently expressed in papers on the his- 
tology of planarians, all species which I have so far examined have been 
found to be entirely covered externally with cilia. The cilia on the 
lateral margins of the anterior region beat in response to very weak 
stimuli. The cilia over most of the dorsal surface, on the lateral mar- 
gins other than the head region, and on the ventral surface are usually 
inactive, except when subjected to strong mechanical or chemical 
stimull. Long sensory hairs occur not only in the head region, but 
along the lateral margins and over the dorsal surface, as well. Tests 
with powdered carmine show that the ventral cilia of a giiding pla- 
narian are not beating during normal locomotion. On the other hand, 
a planarian when gliding on the under side of the surface film of water, 
so that the light falls upon its foot at an angle of about 45 degrees, and 
is reflected to the eye shows delicate muscular waves. 

To determine whether locomotion could be accomplished either by 
the beating of cilia, or by muscular activity alone, a series of tests were 
made with solutions for the purpose of finding one that would inhibit 
muscular activity and leave the cilia free to beat normally, and another 
that would check ciliary action without interfering with muscular con- 
tractility. In either case, the animal must remain in all other ways’ as 
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nearly normal as possible. Various substances were found to check 
entirely all muscular activity but leave cilia actively beating all over 
the'body. The most satisfactory results were obtained after one and 
a half to two and a half hours treatment with a solution of magnesium 
chloride m/7 to m/9. When all trace of muscular contractility was 
lost, locomotion did not occur, even though the cilia were beating with 
far greater vigor than under normal conditions. A solution of lithium 
chloride m/45, applied for eighteen to twenty-two hours, checks entirely 
_the beat of the cilia, and leaves the muscles sufficiently unaffected to 
permit of locomotion by gliding. In such tests entire freedom from 
mechanical vibrations is an absolute essential and care must be exer- 
cised in handling the treated specimens to avoid a strong mechanical 
stimulus. 

From these observations I conclude that the locomotion of planarians 
is essentially a muscular act in which the cilia play no necessary part. 


-1Contributions from the Zodlogical Laboratory of the Museum of Comparative Zodlogy 
at Harvard College. No. 301. 


DIURNAL CHANGES IN THE SEA AT TORTUGAS, FLORIDA 
By J. F. McClendon 


DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF MINNESOTA AND TORTUGAS LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON 


Communicated by A. G. Mayer, September 21, 1917 


The only diurnal change noted in the Gulf Stream was a change in 
temperature of about 1° and the resulting change in oxygen tension. 
But in water shallow enough for considerable light to reach the bottom, 
marked diurnal changes were noted in temperature, hydrogen ion 
concentration (pH), total CO,-concentration, CO2z-tension, O2-concen- 
tration and O,-tension. The temperature, O2-concentration and O- 
tension were lowest and the CO.-concentration and CO,-tension highest 
about 5 a.m. The temperature, Os-concentration and O2-tension were 
highest and CO2-concentration and CO,-tension lowest at about 3 p.m., 
local apparent time during July. The magnitude and exact time of 
maxima and minima varied somewhat from day to day and varied a 
great deal with the location of the station at which the water was stud- 
ied. The diurnal curves showed secondary notches which were prob- 
ably due to tidal currents and eddies, since no such notches were pres- 
ent in the diurnal curves of stagnant sea water. The differences be- 
tween stations were evidently due to previous history of the water 
carried past the station by currents and to variations in depth and in 


PHYSICS: C. BARUS 693 


fauna and flora at the bottom. The details of this work, including 
maps, graphs and tables, are to be published by the Carnegie Institu- 
tion of Washington. The relation of local conditions to the precipita- 
tion of CaCO3;, thus decreasing the depth of the water, is pointed out. 

Studies of the effect of these changes on organisms were made. The 
limiting factor for plants seems to be fixed nitrogen. Only 0.02 mgm. 
of fixed nitrogen per liter could be determined and it was not thought 
practicable to determine local changes with certainty. The limiting 
factor for animals seems to be food. Oxygen could easily become a° 
limiting factor. One kilogram of fish would use up all of the oxygen 
in 4300 liters of water of the lowest O:-concentration found at the sur- 
face, in twenty-four hours. It seems improbable that fish alone would 
suffocate, but swarms of Dinoflagellates might suffocate themselves and 
other animals present. 


NOTE ON INTERFEROMETER METHODS OF MEASURING THE 
ELASTICS OF SMALL BODIES 


. By Carl Barus 


DEPARTMENT. OF PHYSICS, BROWN UNIVERSITY 
Communicated, October 26, 1917 


1. Method.—At the request of Prof. W. G. Cady, who was in need of 
Young’s modulus in case of certain crystals used in experiments in 
which he is interested, I endeavored to adapt for this purpose the inter- 
ferometer heretofore! described for measuring small angles with an 
auxiliary mirror. The project seems feasible and apparently simple in 
execution, when the method of end thrust indicated in figure 1, is used. 
Here F is a rigid metallic bar subjected to a force couple, carrying the 
coplanar mirrors m, m’, and capable of rotating slightly in a horizontal 
plane. These mirrors receive the corresponding rays, a, b, of the inter- 
ferometer. The force couple is resisted by the resilience of the rods, 
r, r, to be tested, as these push respectively against the ends of the 
bar, F, and against the rigid abutments, A, A’, of the apparatus. If 
the force couple changes the bar, F, rotates correspondingly. The 
component rays, a, 6, then register the amount of rotation in the 
interferometer. 

To apply the force couple, weights suspended from the stationary 
pulleys, c, c’, were utilized. These actuate the rectangular offsets, s, 
s’, which force their conical ends, e, e’, into corresponding depressions of 
the bar, /. When not under stress, F is supported by the double 
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bifilar suspension,? the threads of which are attached at d, d’. The abut- 
ments were heavy cast iron bricks, 2 3.5 x 10 cubic inches in size, 
firmly bolted together and standing with screws on a smooth bed plate. 
Thus the apparatus (not including the interferometer) can be rotated 
around a vertical axis to enlarge the achromatic fringes and around a 


horizontal axis parallel to F to rotate them. This is necessary for the 
adjustment. 


=~ 


Omitting details I may add that all measurements were made in — 
terms of the displacement of the achromatic fringes heretofore described. 

If E is the traction modulus, / the elongation of each rod of length 
£, under the force P, and A a differential symbol, 


B= (AGP) A) 4) (Ca) 


If the distance apart of the rays, a, b, is 2R, and of the forces of the 
couple is 2R’, 


2R Aa = AN cos 7, 
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supposing the bar F to rotate over an angle a, in consequence of the 
increment A P of thrust and A WN to be the corresponding displacement 
of the micrometer mirror (rays incident at the angle z), needed to re- 
store the interference fringes to their original position. But, 


Al = R’Aa=R' AN cosi/2R 


so that after reduction 


2 Lk AP 
~ A R’ cos i AN 


The method will not of course be very precise, because for rods less 
than an inch long the quantities involved, particularly A NV, are so small. 
Any flexure or slight dislocation of the parts of the apparatus are of 
relatively great consequence. Moreover there is another serious con- 
sideration. In long rods the stresses distribute themselves equally 
throughout the sectional area; but in short rods this is liable not to be 
the case. There will be lines of longitudinal stress and part of the area, 
A, may be relatively unstressed. Hence the value of E will come out 
too small and the question is rather to what degree such a method can 
be made trustworthy. If the achromatic fringes are used, the optical 
method as such presents no difficulties. For reasonably thin rods the 
observed displacement is adequate. The fringes need not be counted 
and it is even unnecessary to make the method very sensitive. Fringes 

of moderate size suffice. | 
The method of flexure would in some respects seem to be preferable. 
But it is is theoretically less simple and for short rods difficulties similar 
to the above would be encountered. 

2. Observations —In a large number of measurements made with 
different bodies, the apparatus finally took the form shown in figure 1, 
in which the rod ¢, 7’, to be tested is held by a rigid metallic tube or 
sheath, in which it fits loosely. Even this can not be employed quite 
without misgivings; but these must be passed over here. As an example 
of the results, I will insert graphically the behavior of hard rubber 
rods, each of about 2.4 cm. long and 0.35 cm. in diameter, thus having a 
sectional area of about 0.1 sq. cm. and kept under a minimum load of 
1 kgm. These were subjected to cyclically varying stress with the 
results (contractions positive) given in figure 2. With pressures vary- 
moan the sequence (42,3, 2.1); (1, 2, 3,4, 3; 2, 1), etc., kom., the con; 
tractions apparently give evidence of well developed hysteresis loops, 
upon which is super-imposed the continuous viscous deformation which 
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results from loading. The thrust modulus, F, computed from triplets 
of data for definite steps of pressure (1, 2, 1), (2, 3, 2), etc... Kaaiimes 
15, 25, etc., kgm. per square centimeter), are given in figure 3. They 
increase in marked degree with the load. Turning the rods down to 
smaller diameters successively and testing them in turn, no essential 
difference in the results was apparent. With rods of high rigidity like 
glass, brass, steel, only about one-half of the probable modulus can be 
reached with rods of the above dimensions. The remainder is lost in 
the small dislocations within the apparatus. These rods? must not be 
more than 1 or 2 mm. thick and enclosed in corresponding sheaths, to 
be available in an apparatus-like figure 1. Tentative‘ as the results are, 
however, they are interesting, inasmuch as the dependence of the elas- 
tics of a rod on its molecular instabilities will most probably be clearer 
in case of bodies of light structure like the organic bodies. The whole 
phenomenon is very much like the condensation of a vapor, requiring 
higher pressures to condense the instabilities and lower pressures for 
their release or evaporation, as it were. Deformation proceeds at a 
rapidly retarded rate through infinite time.® 


1These PROCEEDINGS, 3, 1917, (412). 

2 Shown in the side elevation, figure 1a, with the offsets removed. The fibres d and d, 
are tightly stretched. 

3’Thus in case of steel rods like the above, per kg of load, AN/AP=44 x 107° cm., 
which is too small for any micrometer. 

4T have thus far been unable to arrive at a trustworthy distinction, except in magni- 
tude, between the deformations within the apparatus and those of the rods themselves. 

5 From a report to the Carnegie Institution of Washington, D. C. 


SUBLACUSTRINE GLACIAL EROSION IN MONTANA 
By W. M. Davis 


DEPARTMENT OF GEOLOGY AND GEOGRAPHY, HARVARD UNIVERSITY 
Communicated November 7, 1917 


The mountains of northwestern Montana and northern Idaho are 
characterized by two classes of deglaciated forms. The forms of one 
class are the work of relatively small, local glaciers, and are limited to 
the loftier ranges in which cirques, excavated in the higher slopes, lead 
down through well-scoured troughs to terminal moraines on the moun- 
tain flanks or on the open ground of intermont basins. The forms of 
the other class are the work of great Canadian glaciers and are limited 
to the sides and floor of the larger valleys. Two such glaciers crossed the 
international boundary, as shown in figure 1, truncated the side spurs 
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of the valleys that they followed, and locally overdeepened the valley 
floors into lake basins, at the farther end of which large terminal moraines 
were deposited. One of the Canadian glaciers moved southward along 
the large longitudinal valley known as the Rocky Mountain trough and, 
after reénforcement from Glacier National park, spread out in the broad 
Flathead basin; a brief account of its erosional work, as well as of the 
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wetG, dx, OUTLINE MAP OF CANADIAN GLACIERS FORMERLY INVADING NORTHWESTERN 
work of local glaciers in the adjoining Mission range, was given in these 
PROCEEDINGS two years ago,! and a somewhat fuller statement has been 
published in the Geographical Review. The other Canadian glacier 
moved southward along the Purcell trough farther west and invaded 
the valley of Clark fork of the Columbia river; its work is here summar- 
ized. A full report of the Shaler Memorial investigation on which these 
special studies are based will probably appear in the Amnals of the 
Association of American Geographers. 
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The western glacier may be named after two deep lakes, Kootenay 
and Pend Oreille, the basins of which it excavated, one to the north, the 
other to the south of the international boundary. Lake Kootenay is-a 
superb sheet of water of simple outline, ocupying an elongated and 
greatly overdeepened trough-basin between high mountain slopes char- 
acterized by strongly truncated spur-ends and hanging side-valleys; 
its length is much decreased by the long delta-plain of Kootenay river, 
which enters the lake from the south after a long detour through Mon- 
tana from the Rocky mountain trough in which its sources lie; the same 
river, as the lake outlet, turns westward at mid-length of the lake 
trough, where a distributary branch of the main glacier scoured out a 
side trough of catenary cross-profile, with fine hanging side-valleys, but 
probably 1000 feet less deep than the main trough which holds the lake. 
Lake Pend Oreille occupies a deep basin of the same kind, that was 
excavated between two mountain ranges in Montana by the middle 
one of three terminal branches into which the Kootenay-Pend Oreille 
glacier was there divided: this lake has been encroached upon by heavy 
morainic and outwash deposits on the north, which aid in separating 
it from Lake Kootenay. Huge volumes of gravel were washed south- 
westward from the terminal moraine at the farther end of Lake Pend 
Oreille, and now form a terraced intermont plain for 30 or more miles 
as far as Spokane: several side valleys in the adjoining mountains were 
barred by the outwashed gravels and now hold lakes, of which the largest 
is Lake Coeur d’Alene. | 

Clark fork enters the east side of the broad northern end of Lake Pend 
Oreille where an arm of the lake would probably have a length of ten 
or more miles up the river valley but for inwashed gravels; the river 
flows out from the west side. The two parts of the river, above and 
below the lake, may be referred to as upper and lower Clark fork. The 
shortest of the three branches in which the Kootenay-Pend Oreille 
glacier ended moved westward a score of miles down the valley of Jower 
Clark fork, and supplied the valley beyond its end with a great volume 
of outwashed gravels, now terraced by the river. 

The southeastern terminal branch of the Kootenay-Pend Oreille 
glacier was remarkable for its long course up the valley of upper Clark 
fork for 100 miles: its width may have been 10 miles or more near the 
point of its outbranching, but for much of its length it was less than 5 
and sometimes less than 2 miles wide: its greater extension than that of 
the western branch was probably due to better enclosure between 
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mountainous highlands and perhaps still more to its being covered for 
most of its length by the waters of the lake that it ponded, as described 
below. The work of this long branch glacier in truncating the spurs of 
the adjoining mountain sides is conspicuous, and gives a peculiarly 
bold aspect to the valley that it ascended, but with decreasing effect 
up stream. It was these truncated spurs that caught the attention of 
the Transcontinental Excursion of the American Geographical Society, 
when our train ran down the valley from Missoula on the way to Spokane 
in 1912. We thus passed from the uppermost valley, where the side slopes 
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FIG. 2. A TRUNCATED VALLEY-SIDE SPUR, AT PARADISE, MONTANA, LOOKING NORTHWEST. 


have normally carved forms, and came unexpectedly on the marks of 
glacial scouring, faint and low at first, stronger and higher as we pro- 
ceeded, until the resulting spur-end cliffs gained heights of 500 or 1000 
feet, as in figures 2 and 3, and compelled the attention of all ob- 
servers; I returned there in 1913 for more deliberate study. The 
contrast between the smooth, maturely rounded forms of normal erosion 
on the higher, never-glaciated slopes and the ragged, immature cliffs 
of glacial scouring was as striking as it was persistent. Side valleys are 
occasionally barred by local moranic embankments, as in fig. 4, 
and holds swampy hollows behind them: the height of these moraines, 
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somewhat less than that of the cliff tops, gives the best indication of the 
local height of the ice margin. 

The bare hill sides of the upper valleys of the Clark fork drainage 
system show many faintly marked shorelines, up to altitudes of 4200 
feet; 20 or 24 such lines may be counted, one over the other, in some 
localities. These have been understood for some years past as recording 
the occurrence of a temporary lake of fluctuating level, to which the 
name of Lake Missoula has been given. Pardee pointed out in 1910 
that the lake must have resulted from the obstruction of Clark fork 
by the Canadian glacier at the head of Lake Pend Oreille, where marks 
of glacial scouring are recognizable in the steepening of the neighboring 
mountain spur on the south, between Lake Pend Oreille and upper 
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FIG. 3. A STRONGLY TRUNCATED VALLEY-SIDE SPUR, ABOVE PARADISE, "MONTANA, 
LOOKING EAST: CLARK FORK IN FOREGROUND. 


Clark-fork valley, up to about the same altitude as that of the highest 
lake shoreline. The fluctuating level of the lake appears—following the 
explanation adopted in Sweden for similarly fluctuating glacial lakes— 
to result from the location of the outlet on the fluctuating surface of the 
glacier where it impinged on the mountain spur that divided its southern 
and southeastern branches. It is to be expected that various signs of 
rushing water should be found on the steepened slope of this spur; 
unfortunately I had no opportunity of examining that point during my 
visit of 1913. | 

Now as the lake shorelines seem to prove that the upper tributary 
valleys of the Clark fork system were occupied by a lake while the main 
valley was invaded by the southeastern branch of the Kootenay-Pend 


a 


GEOGRAPHY: W. M. DAVIS 701 


Oreille glacier, and as the lake must have been at its highest level when 
the branch glacier had its greatest length, it follows that the erosive work 
of the glacier in truncating the lower ends of the valley-side spurs must 
have been done under water. ‘The glacier seems to have remained im- - 
mersed in the lake that it barred because the ice pressed so heavily against 
the bottom and sides of the valley that no water could enter there to 
buoy it up. The lake waters at the end of the branch glacier must have 
been about 1500 feet deep. The same appears to be true of the much 
broader Canadian glacier in Flathead basin, while it was scouring off 
the spur-ends on the western slope of the Mission range.? The alterna- 
tive supposition that the glaciers were ordinarily floated up from their 
valley floors when the lake waters rose, and that they rested on the 
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FIG. 4. ASIDE VALLEY BARRED BY A MORAINE, AT PARADISE, MONTANA, LOOKING NORTH. 


floors and did their erosive work only while the lake was temporarily 
discharged by leaking through the ice barrier, is, apart from its inherent 
improbability, not acceptable because the great terminal moraine 
deposited by the Flathead glacier is of too regular a pattern to have 
been formed by an agency acting so irregularly. 

But the first supposition, on which we are thus thrown back, must 
also seem inherently improbable; and all the more so when the un- 
favorable conditions that it imposes on the Clark-fork branch glacier 
are clearly conceived. This long glacier not only had to creep up a 
relatively narrow valley that sloped against the direction of glacial 
advance; it had to creep up the valley against the weight of the lake 
water in which it was immersed. It is difficult to imagine how the push 
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from the main glacier could have compelled its narrow branch to ad- 
vance 100 miles against such discouragements: yet the ice not only did 
advance 100 miles up Clark-fork valley, but advanced with such insistent 
pressure that it tore off the resistant rock of the valley-side spurs. 

The sublacustrine glacial erosion thus attested takes its place as the 
last term of a series of unanticipated processes. Seventy years ago, the 
fords of Norway, the sea lochs of Scotland, and other similar embay- 
ments were interpreted, by those who then accepted Dana’s principle 
of shoreline development, as submerged river valleys. Forty-five years 
ago, the opinion gained: ground that fiord troughs were largely the work 
of glacial erosion, but the erosion was supposed to have taken place 
above sea level; the occupation of the troughs by arms of the sea was 
explained as the result of later submergence. This view was gradually 
modified by recognizing that a great glacier might erode a trough, if it 
eroded at all, somewhat below sea level; but the extreme depth of such 
submarine erosion was placed at about six-sevenths of the thickness of 
the glacier: at greater depths, the ice would be buoyed up so that it 
could not erode the trough bottom. Then about twenty years ago 
Gilbert suggested, as a result of observations that he made in Alaska 
when a member of the Harriman expedition, that heavy glaciers must 
press so heavily on their trough beds that water could not enter beneath 
them; hence such glaciers could erode as well below as above sea level; 
but it was not supposed that they could be immersed for a score of miles 
or more. Now the Clark fork branch-glacier seems to have done its 
visible erosive work on the valley-side spurs—and presumably a con- 
siderable amount of invisible work on the valley bottom also—although 
it must have been wholly immersed in Lake Missoula for two or three 
score if not for four score miles. It seems impossible for a glacier to 
perform erosional work under such conditions, yet the erosional work is 
undeniably visible. Perhaps the conditions. of its performance were 
other than those here indicated, but if so, I have not been able to discover 
them. 


1Davis, W. M., these PRocEEpDINGs, 1, 1915, (626-628). 
2 Davis, W. M., Geogr. Rev., 2, 1916, (267-288). 
3 Pardee, T. G., Chicago, J. Geol. Univ. Chic., 18, 1910, (376-386). 
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_ THE EFFECT OF STRETCHING ON THE RATE OF CONDUCTION IN 
THE NEURO-MUSCULAR NETWORK IN CASSIOPEA 


By J. F. McClendon 


DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF MINNESOTA AND TORTUGAS LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON 


Communicated by A. G. Mayer, September 21, 1917 


It was observed by Carlson (Amer. J. Physiol., 27, 1911, 323) that 
stretching the nerve of the slug has no. effect on the rate of the nerve 
impulse. This does not support Bethe’s hypothesis that the impulse 
passes over solid neuro-fibrillae which are zig-zagged in the relaxed 
nerve and straightened out in the stretched nerve. Conditions are not 
so simple in the nervous network of the sub-umbrella of Cassiopea, but 
the rate may be more accurately determined. The stretching may 
increase the original length 84%. 

A ring or belt of umbrella tissue was placed in a frame by means of 
which the circumference could be stretched and at the same time its 
length measured. The apparatus was immersed in sea-water kept at 
30°. A neuro-muscular wave was started in the ring in such a manner 
that it traveled continuously around the ring and its speed measured 
by noting the time at which the muscular contraction wave passed a 
certain point. The time required for the wave to pass 100 times around 
the ring was recorded with a stop-watch. An example of one of the 
experiments is as follows: 


Length of circumference, mm. 286 306 326 346 366 386 406 426 446 466 486 506 526 
Rate (mm. per second)........ 376 390 399 410 414 407 403 391 377 368 360 352 342 


It may be noted that the rate changed 17% while the length increased 
~ 84%, in other words the rate is relatively constant. An uncertainty of 
rate of 1-5%, due to hysteresis, could not be analyzed with certainty 
owing to the fact that the course of the neuraxones is zig-zagged and 
interrupted by synapses, but some speculation on this phenomenon will 
be published elsewhere. The purpose of this abstract is to point out 
that the experiments on Cassiopea tend to support Carlson’s conclusion 
that stretching the nerve does not change the rate, and that the con- 
ducting substance, itself, can be stretched and relaxed. 
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A CRITICISM OF THE EVIDENCE FOR THE MUTATION THEORY 
OF DE VRIES FROM THE BEHAVIOR OF SPECIES OF 
OENOTHERA IN CROSSES AND IN 
SELFED LINES 
By Bradley Moore Davis 


DEPARTMENT OF BOTANY, UNIVERSITY OF PENNSYLVANIA 
Communicated by R. Pearl, October 31, 1917. Read before the Academy, November 20, 1917 


The mutation theory of Professor De Vries rests so very largely upon 
deductions from his studies on species of Oenothera that any discus- 
sion of it naturally centers upon the interpretation of the behavior of 
these plants when selfed (in-bred) and in their crosses with one another. 
Of these species Oenothera Lamarckiana stands as the form most thor- 
oughly studied with respect to its habit of throwing off in successive 
generations variants with numerous distinguishing characters of such a 
nature that they can with certainty be separated and would rank in 
systematic botany as clearly defined new species arising suddenly and 
fully formed from the parent type. Professor De Vries calls these 
variants ‘mutants’ and interprets their appearance as the spontaneous 
origin by mutation of new species from a plant, Oenothera Lamarckiana, 
which he believes to be representative of a pure species. De Vries is 
not willing to allow that in O. Lamarckiana this phenomenon may be 
the direct result of an impure or hybrid constitution. The behavior of 
O. Lamarckiana and certain other forms in this genus is, therefore, to 
De Vries direct experimental evidence of the origin of new species 
through wide and discontinuous variations, the result of spontaneous 
internal manifestations within the parent plants. De Vries further 
believes that mutations play a very important part in organic evolution 
and that they largely supply the material, i.e., the variations, upon 
which natural selection can operate. 

There is no question of the facts as brought out in the extensive and 
patient work of De Vries; they have been repeatedly confirmed. O8eno- 
thera Lamarckiana if grown in sufficiently large cultures may be expected 
to produce in each generation approximately the same set of ‘mutants.’ 
The proportions differ but they are apparently fairly stable for each 
variant; some make up about 1-2 per cent of the cultures, others are 
much less common. Certain of the ‘mutants’ breed fairly true. when 
selfed while some are more unstable than the parent Lamarckiana. 
A significant feature of this performance is the clear expression of order 
and system in the appearance of precisely the same types through suc- 
cessive generations and we have no reason to suppose that O. Lamarck- 
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zana is likely to give up this habit of throwing variants however long 
it may be cultivated. 

Now the regularity with which Oenothera Lamarckiana produces 
its ‘mutants’ through successive generations indicates conditions within 
the germ plasm of such a nature that a number of different specific 
types of sexual cells are produced rather than a single set of gametes 
uniform in their germinal constitution. There is really not the spon- 
taneity in the production of new forms by Lamarckiana which one 
might expect of a plant in a state of ‘mutation’ with an organization 
expressing itself in irregular and unexpected departures from the type 
through peculiarities of mutating instability in its germinal constitu- 
tion. Consequently a critic of the evidence for the mutation theory 
offered by De Vries from the behavior of Lamarckiana very naturally is 
led to question the fitness of this plant as representative of a pure 
species. The discussion must finally center on the problem of whether 
or not the germinal constitution of O. Lamarckiana is homozygous, i.e., 
carrying two identical sets of hereditary factors derived from the parents 
through each sexual union. May. not the germinal constitution be 
heterozygous, or hybrid, the two sets of hereditary factors in some 
respects differing from one another? 

An organism homozygous in germinal constitution can develop only 
one type of sexual cells, gametes, and these will be identical with those 
of the parents unless chemical or physical conditions affecting the germ 
plasm modify directly the germinal constitution carried through the 
succession of cell divisions that make up a generation, or upset the 
precision of the reduction divisions previous to the formation of gametes, 
or acting directly on the gametes themselves change their organization. 
Variations of the germinal constitution introduced in this manner would 
constitute mutations and it is an admitted fact that variations which 
might be interpreted as mutations are very rare in the lines of animals 
and plants which are believed to be most pure and are consequently 
most stable in their breeding behavior. 

A heterozygous organism must at the time of gametogenesis distrib- 
ute the hereditary factors unevenly whenever these factors as they 
come from the two parental lines differ from one another. There are 
many reasons why hereditary factors are believed to be present in the 
chromosomes, and the reduction divisions which distribute whole chro- 
mosomes into two group clearly furnish a mechanism by which a segre- 
gation of factors may take place. The most complete and satisfactory 
studies on chromosome reduction for both animals and plants have 
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established the fact that the two sets of chromosomes, derived one from 
each parent, constitute two series of homologous pairs and that the 
members of these pairs become closely associated before the reduction 
divisions and are later separated by this mitosis which may properly 
-be termed a segregation division. 

Studies on the reduction divisions of O. Lamarckiana and some of its 
derivatives by Geerts, Gates, Stomps, Lutz and Davis have shown loose 
associations such that the mechanical conditions favor irregularities of 
distribution which actually do occur and gametes are known to be some- 
times formed with one more or one less chromosome than 7 which is 
the normal number for the genus. In the two ‘mutants’ lata and scin- 
tallans there have been observed 15 chromosomes, obviously the result 
of the union of gametes bearing unlike numbers of chromosomes. Forms 
with 21 chromosomes are also known which apparently arise from the 
fertilization of an unreduced egg (14 chromosomes) by a normal sperm 
nucleus (7 chromosomes). There is also a very rare type, gigas, with 
28 chromosomes which has been matched in chromosome number by 
analogous forms discovered by Bartlett from other species of Oenothera. 
This irregular behavior of the chromosomes in, Lamarckiana and its 
‘mutants’ gives strong cytological evidence of conditions such as might 
be expected in heterozygous material where the two sets of chromo- 
somes from parental lines are dissimilar in their genetical constitution 
and consequently fail to pair closely previous to segregation through 
the reduction division. One of the oenotheras, a race of grandzflora, 
has been found to present an orderly assembling of chromosomes in 
pairs at the time of reduction together with an equal distribution of 
the members of each pair and this history in one of the more stable 
forms serves to emphasize the striking irregularities of Lamarckiana. 
Therefore the cytological evidence is distinctly favorable to a view that 
Oenothera Lamarckiana contains a chromosomal complex of a mixed or 
hybrid character rather than two similar sets of chromosomes. 

On the genetical side there is more obvious evidence of the hetero- 
zygous nature of Oenothera Lamarckiana. It is a law of genetics that 
crosses between organisms which produce uniform gametes must give 
uniform progenies in the first generation and this constitutes a reliable 
test of whether or not the parents are monogametic; if the first hybrid 
generation contains distinct classes then one or the other or both of the 
parents must have produced more than one kind of fertile gametes. 
De Vries discovered the striking fact that when Lamarckiana and some 
of its mutants are crossed with certain wild species of Oenothera their 
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progeny in the first generation fall into two groups sharply separated 
from one another and these De Vries termed ‘twin hybrids.’ Since the 
twin hybrids are produced in crosses of Lamarckiana with several species 
some of which when crossed among themselves give uniform progeny in 
the first generation the evidence indicates that Lamarckiana must supply 
the two different types of gametes which make possible this splitting in 
the first generation. De Vries holds that the cause of twin hybrids lies 
in the state within the gametes of certain factors called pangens whether 
active, inactive or labile and this appears to be an admission that La- 
marckiana does not form equivalent gametes. 

Long experience of plant and animal breeders has led them to suspect 
that pronounced sterility in an organism indicates hybrid constitution 
and critics of the purity of Oenothera Lamarckiana have pressed the 
point that in this plant approximately one-half of the pollen grains and 
ovules abort and that the proportions of fertile seed are low, being from 
about 30 to 40 %. 

Extensive studies of Geerts followed by observations of other workers 
have shown these conditions to be generally characteristic of species of 
Oenothera and allied genera. These facts indicate the necessity of 
detailed studies on the cytology of gametogenesis, fertilization and 
embryo formation. Thus if it could be shown that in every group of 
four pollen grains, tetrad, formed as the result of the reduction mitoses 
only two grains are perfect the conclusion would be justified that the 
pollen sterility was the result of this segregation division. Unfortu- 
nately the abortion of pollen grains takes place after the members of 
the tetrad have separated and the relation of sterile pollen grains to one 
another and to the perfect grains is not evident, but it is a fact that 
shriveled, sterile pollen is distributed among the perfect grains so evenly 
as to suggest an origin through the reduction division rather than from 
some physiological cause such as malnutrition, which under certain 
conditions is known to produce high degrees of sterility. 

The facts of gametic and zygotic or seed sterility have, however, 
suggested certain working hypotheses that must be considered in present 
and future research on oenotheras. Thus it is possible to conceive of 
impure or heterozygous species capable of reproducing their lines (breed- 
ing true) and showing little or none of the phenomenon of hybrid split- 
ting provided only such gametes and seeds are fertile as will reproduce 
the hybrid type. Renner has applied this line of reasoning to Lamarck- 
tana by assuming that the small proportion of fertile seeds of this 
plant are those formed by the union of the two different types of gametes 
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which produce the twin hybrids and that homozygous combinations of 
gametes are represented in the sterile seeds. Occasional fertile com- 
binations of gametes varying from the usual type may then be respon- 
sible for the so-called mutants which owe their peculiarities to segrega- 
tion phenomena, to be expected in a hybrid, rather than to spontaneous 
modifications such as are assumed by the mutation theory. 

Finally, in this brief criticism of Oenothera Lamarckiana as repre- 
sentative of a pure species and therefore suitable material for conclu- 
sions on the importance and character of mutations in organic evolution 
it should be pointed out that there is no evidence that this plant isa 
wild species native to the American continent which was the original 
habitat of the group. On the contrary we have reason to believe that 
Lamarckiana was brought into cultivation from material growing in 
England where the early introduction of oenotheras established some 
extensive colonies probably of mixed and hybridized character. It has 
also been found possible by crossing two carefully selected species of 
Oenothera (franciscana X biennis) to synthesize a hybrid scarcely to be 
distinguished in its systematic characters from Lamarckiana and this 
product which has been named meo-Lamarckiana forms twin hybrids 
when crossed with certain species that give twin hybrids with Lamarck- 
tana. Neo-Lamarckiana when selfed throws a much larger progeny 
of variants than does Lamarckiana but this fact seems to be correlated 
with its much higher seed fertility, from 84 to 87 %. These variants 
have been repeated in their essential characteristics through three gen- 
erations and the parallel of this behavior to that of Lamarckiana is 
very close although as would be expected, the types of variants are not 
the same. Thus an undoubted hybrid among the oenotheras has been 
shown to present breeding habits similar to those of Lamarckiana. 
The behavior of neo-Lamarckiana when selfed appears most readily 
explained as due to the breaking up of a hybrid rather than by prin- 
ciples of mutation since characters more or’ less similar to those of the 
parents appear among the derivatives. 

In addition to the studies on Oenothera Lamarckiana and its ‘mutants’ 
there has been a very large amount of work by De Vries, Gates and 
others involving other species of Oenothera and more recently exten- 
sive studies by Shull, Bartlett and Atkinson. These have brought out 
some very puzzling situations in the behavior of Oenothera species in 
crosses. In some cases the first generation hybrids show pronounced 
resemblance to the paternal parent of the cross, in other cases to the 
maternal parent, and still other combinations give blends with inter- 
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mediate characters such as frequently appear in the first generation. 
Second generations in some cases breed fairly true, in others show ex- 
tensive and characteristic splitting usual to hybrids. Back crosses in 
some combinations reproduce almost exactly one of the parent types. 
Shull in a remarkable series of crosses has obtained in the first genera- 
tion polymorphic progenies of much greater complexity than the twin 
hybrids of De Vries. Atkinson has described quadruple hybrids in the 
first generation from crosses between two wild American species. Bart- 
lett has found that selfed lines of certain American wild species may 
throw ‘mutants’ in proportions as high as 50, 80 or even 100 per cent 
of the cultures. 

Explanations of these extraordinary types of behavior are not yet 
clear. Atkinson, insisting on the purity of the species with which he 
worked, proposes a view that multiple progenies in the first generation 
are determined by the selection or differentiation of factors in the fer- 
tilized egg or zygote, an hypothesis which will require cytological evi- 
dence to be convincing. Bartlett holds the view that different classes 
of gametes are formed, an attitude in accord with much evidence from 
various studies on animals and plants. This seems to the writer to 
be an admission of impurity of germinal constitution unless it be shown 
that gametes may mutate in immense proportions, a view which has 
no support from genetical and cytological studies in general. None 
of these investigators seem inclined to admit the possibility or proba- 
bility that the complexities of Oenothera genetics may be the result of 
germinal impurity widespread among the species as the result of exten- 
sive hybridization. ; 

Yet the high degrees of gametic and zygotic sterility now known for 
certain forms of Oenothera makes it possible to conceive these species 
as impure, maintaining themselves because for the most part only those 
gametic combinations are fertile which will reproduce the heterozygous 
condition. Variants in selfed lines from such stock would most nat- 
urally be interpreted not as mutations but as the result of other gametic 
combinations which prove to be fertile. Crosses between impure spe- 
cies are, of course, crosses between hybrids and the behavior of their 
progeny, especially when high degrees of sterility are present, would 
naturally be expected to prove unusual and irregular. Only recently 
has the importance of sterility and delayed seed germination received 
serious consideration in problems of Oenothera genetics and no investi- 
gations have as yet been published which give the matters full 
consideration. | 
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In conclusion it should be noted that although most of the genetical 
work on oenotheras has not been interpreted by the Mendelian system 
of notation there is, nevertheless, clear evidence of order in the sharply 
defined results of both inbreeding and crossing. A few cases are known 
of simple and clean cut segregation in ratios fairly close to Mendelian 
expectations, notably in crosses between Lamarckiana and _ brevisiylis 
and probably in time more of these will be found. The difficulty has 
been to discover and to isolate simple material in the confusion of mixed 
and impure forms present in this group of plants. A great forward step 
will be taken in Oenothera genetics when types of proven purity have 
been established, since such forms as standard material in breeding 
tests may prove to be the keys that will open doors of mystery. 


THE SPECTRA OF ISOTOPES AND THE VIBRATION OF 
ELECTRONS IN THE ATOM 


By William D. Harkins and Lester Aronberg 


KENT CHEMICAL LABORATORY AND RYERSON PHYSICAL LABORATORY, UNIVERSITY 
OF CHICAGO 


Communicated by"J. Stieglitz, November 12, 1917 


According to most of the recent theories of atomic structure and of 
the origin of light, the emission of light is due to the vibration of the 
non-nuclear electrons in the atom, but there is a difference of opinion 
in regard to the process by means of which the radiation takes place. 
The frequency of the light has usually been assumed to be that of the 
vibrating electron which emits it, but the theory of Bohr' indicates a 
less simple relationship according to which the frequency of the light 
varies as the increment of the two-thirds power of the electronic 
frequency. 

The investigation reported in this paper was begun several years ago 
for the purpose of determining if the electronic periods are wholly de- 
pendent upon the net positive charge on the nucleus of the atom. In 
order to get a more definite statement of the problem, it may be assumed 
that the nucleus of any atom contains a positive electrons and 0d nega- 
tive electrons. ‘The net positive charge on the nucleus may be taken 
as a — b or P. While P is not known exactly it is probably equal to 
or only slightly greater than the atomic number NV. A single element, 
such as lead, is characterized by a single value of P. Isotopes are dif- 
ferent atomic species of the same element, all with the same value of P, 
but with different values of a and 6. Since a — P = 5b, the numerical 
value 6 gives not only the number of negative electrons, but also the 
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number of positive electrons in excess of the nuclear charge P. The 
fact that isotopes, with a constant value of P, but with a variable value 
of b, have almost exactly the same spectra, indicates that the non- 
nuclear electrons vibrate as might as expected if the 0 positive and 6 
negative electrons were not present in the nucleus, that is as if it con- 
sisted of P positive electrons alone. Since, therefore, the vibration of 
the non-nuclear electrons depends almost entirely upon the net nuclear 
charge P, it is evident that both the effect (1) of the mass of the nucleus, 
and (2) of the bound 6 positive and 0 negative electrons, must be ex- 
tremely small. The work here described was undertaken to see if 
either of these effects is large enough to produce a measureable devia- 
tion in the spectra of isotopes. It might be expected, even if there is 
no effect due to the mass, that if the positive and negative electrons in | 
the nucleus are not coincident, their space arrangement should cause a 
slight, though possibly unmeasureable effect upon the spectrum. 

The isotopes chosen for this work were ordinary lead and lead from 
radium (Radium G, or Uranio-lead 3). The atomic weight of the 
former is 207.18, and that of the latter, as determined by Prof. Theodore 
.W. Richards, is 206.34 for this particular specimen used in this investi- 
gation. If ordinary lead is a single isotope this specimen of Uranio- 
lead 3 contains about 25% of ordinary lead as an impurity, since the 
atomic weight of pure uranio-lead 3 is about 206.05. The value of NV 
for these isotopes is 82. 

The spectra of isotopes were first investigated in 1912 by Russell 
and Rossi,? and by Exner and Haschek,* who examined the spectra of 
ionium and thorium (isotopes of atomic number 90) but found no meas- 
ureable differences. Isotopes of lead have been studied spectroscopi- 
cally by Soddy and Hyman,’ by Baxter and by Richards and Lembert,® 
by Rutherford and Andrade,* by Honigschmidt and St. Horovitz,’ by 
Merton,’ and by Siegbahn and Stenstrom,° all of whom found the spec- 
tra of isotopes identical within the limits of accuracy of their work, 
except that Soddy obtained a slight difference in intensity for the line 
X = 4760.1. While Merton used a higher dispersion than any of the 
other workers, he does not give the atomic weight of the uranio-lead 
which he used. 

The measurements here presented were made by Dr. Aronberg, and 
the spectroscopic work was directed by Prof. H. G. Gale. Preliminary 
determinations with ordinary lead, and with ordinary lead mixed with 
about 20% of uranio-lead 3, when made on a six inch Rowland con- 
cave grating, gave no measureable differences in the spectra or in the 
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Zeeman effect. A quartz spectrograph with a dispersion of about 25 
angstroms per millimeter gave a similar result when used with uranio- 
lead of atomic weight 206.34, but when the Michelson 10-inch plane 
grating was used in the sixth order, a difference of about 0.0043 A. U. 


was found, and as might have been predicted theoretically, the uranio- — 


lead has the longer wave length and therefore the lower frequency. 
This difference was obtained for the line } = 4058, the strongest line 
in the spectrum of lead. Unfortunately the other lines of lead are too 
weak to give a photograph with this grating as used in the higher orders, 
in any reasonable time of exposure. 

The structure of the line } = 4058 in ordinary lead was studied by 
Jonicke!® and by Wali-Mohamed,!! who used a vacuum lead arc as a 
source of light. By the use of an echelon they found two satellites at 
+0.032 and —0.041. In the present investigation it was found, how- 
ever, that both the ordinary and the uranio-lead give only one satellite, 
at — 0.0480 and —0.0501 for the uranio and ordinary lead respectively, 
the difference being within the experimental error of the measurement. 
The difficulty is due to the lack of definition of the satellite. 


As a source of light a slightly modified form of the oxycathode arc in, 


vacuo as employed by Wali-Mohamed, was used in the form shown in 
figure 1. This gives a bright source and at the same time very sharp 
and narrow lines, as is essential for work of such delicacy. Such an 
arc had the advantage too, that the extremely rare uranio-lead 3 was 
not wasted. It was first used with a Hilger quartz spectrograph, in 
which case the interesting observation was made that the lines \ = 
2823 and 2833 had different intensities in the spectrum of the uranio- 
lead from what they had in the ordinary lead. ‘This was similar to the 
result obtained by Soddy, but it was found to be due to the fact that 
after the arcs started the pressure in the lamp containing the uranio- 
lead rose from 0.05 mm. to 0.25 mm., and it was the small difference in 
pressure which caused the change in intensity. For this reason, when 
the grating was used, the two lamps were connected in parallel to the 
vacuum pump in order to keep the pressure in both the same, about 
0.04 mm. In order to avoid mechanical shifts both exposures were 
made at the same time. The light from one lamp went through a right 
angle prism attached to the slit, thus forming a spectrum, the middle 
of which belongs to one kind of lead while the lines both above and 
below belong to the other. The voltage, 40 volts, was kept the same in 
both within one volt, and the amperage, 1.1 amperes, was kept within 
0.05 ampere. In this way seven exposures were made in one position, 
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then the two lamps were interchanged and six more exposures were 
made, when the positions were again reversed and three more measure- 
ments were made. On the average the wave length of the uranio-lead 
was 0.0043 A. U. longer than that of the ordinary lead. The seventeen 
measurements were as follows, where all should have the positive sign: 
0.0046, 0.0046, 0.0068, 0.0036, 0.0057, 0.0043, 0.0036, (shift of lamps) 
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0.0036, 0.0036, 0.0039, 0.0046, 0.0057, 0.0036, (shift) 0.0046, 0.0036, 
0.0046 A. U. The average difference was 0.012 mm. on the plates, and 
the dispersion was 0.359 A. U. per millimeter. In experiments 6 and 7 
the voltage of the ordinary lead was lowered, and in 12 and 13 that of 
the uranio-lead was lowered, in each case by 3 volts. In experiment 
17 the amperage of the uranio-lead was lowered by 0.2 amperes. It 


714 CHEMISTRY: HARKINS AND ARONBERG 


may be seen that these changes of voltage and amperage produced on 
noticeable changes in the shift of the lines. Finally, to establish the 
change in a new manner, the uranio-lead was removed from its lamp, 
and ordinary lead put in its place, and when this was done the shift was 
found to disappear. 

When Merton did his work on the isotopes of lead, J. W. Nicholson 
calculated for him the shift in a lead line at \ = 4000, which would be 
caused by an atomic weight difference of 0.5 unit according to Professor 
Hicks’ theory that the atomic weight term enters exactly into the sepa- 
ration of doublets and triplets in series spectra, and assuming that at 
this wave length lead has a doublet series spectrum with a separation 
of 50 A. U. The calculation showed that the shift should be 0.15 ang- 
stroms which is very much larger than the shift actually found. On 
the other hand the theoretical formula developed by Bohr 
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gives a much smaller value (0.00005 angstroms) but of the same sign as 
that found experimentally. However, Bohr’s calculation was made for 
an extremely simple atomic system, while the lead atom contains a 
large number of non-nuclear electrons (probably about 82). 

Since this is the first investigation reported in which a shift has been 
found in the spectra of isotopes it would seem advisable to check the 
experimental work by an altogether new investigation, especially since 
the shift as determined is extremely small. However, it should be 
stated thatythe difference in the position of the lines is easily observable 
under the measuring microscope. One remarkable feature of the photo- 
graphs is that the lines seem to be shifted, and not to be broadened. 

We wish to thank Prof. H. G. Gale for directing the spectroscopic 
work and Prof. Theodore W. Richards for the extremely rare Radium 
G which he placed at our disposal for this work. 
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THE EFFECT OF OXYGEN TENSION ON THE METABOLISM 
OF CASSIOPEA 


By J. F. McClendon 


DEPARTMENT OF PHYSIOLOGY, UNIVERSITY OF MINNESOTA AND TORTUGAS LABORATORY, 
CARNEGIE INSTITUTION OF WASHINGTON 


Communicated by A. G. Mayer, September 21, 1917 


It was shown by Verzar (J. Physiol., 45, 1912, 39) that decreased 
oxygen tension in the blood capillaries decreased the metabolism of 
muscle but not of salivary glands. The animal died before the oxygen 
tension in the salivary glands was reduced sufficiently to cause a notice- 
able fall in metabolism. In order to avoid complications in circulation, 
as in Verzar’s experiments, I used the umbrella of Cassiopea in such a 
manner as to maintain a thin layer of cells of uniform activity constantly 
bathed with sea water at 30°. It had been determined in preliminary 
experiments that a rise of 10° in temperature doubled the metabolism, 
but that the hydrogen ion concentration could be changed within cer- 
tain limits without changing the metabolism to a degree that could be 
measured with certainty. The average of a large number of determi- 
nations placed the respiratory quotient at 0.95, but whether it was con- 
stant could not be determined. From the heat produced and nitrogen 
lost it was concluded that proteins with a small admixture of carbo- 
hydrates and fats were burned. 

Since the temperature was constant, the oxygen-tension was pro- 
portional to the O.-concentration, as determined by the Winkler method, 
the mean of the values at the beginning and end of the experiment being 
used. The metabolism was measured by the oxygen used, as that was 
determined more accurately than the heat and CO: eliminated. The 
metabolism varied with oxygen concentration. ‘This may be true of the 
cells of all animals. It seems possible that Verzar did not succeed in 
markedly changing the O2-tension in the salivary gland, owing to the 
great store of oxygen in the hemoglobin. There is, however, a distinc- 
tion between the metabolism of vertebrate muscle cells and Cassiopea. 
If vertebrates are’ asphyxiated, the muscles give out lactic acid. A 
Cassiopea may remain without oxygen for seven hours without giving 
out CO, or any other acid causing a noticeable change in hydrogen ion 
concentration, although in the presence of Oz such a change appears in 
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a few minutes due to elimination of CO: After seven hours without 
O2, nerve conduction and noticeable contractility of muscle returns in 
thirty seconds after suspending the Cassiopea in air. 

Since O.-tension may affect metabolism, it seems probable that 
changes in the threshold of stimulation of the respiratory and vasomotor 
centers may affect metabolism in man and mammals. The details of 
the experiments will be published elsewhere. 
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SCIENTIFIC PUBLICATIONS FROM GERMANY 
By Paul Brockett 


At the request of the Chairman of the National Research Council, Dr. 
George E. Hale, I have prepared the following statement regarding the scien- 
tific publications obtained abroad. 

Since 1914 the shipments received in this country from Germany have been 
few and far between, as the number of publications seized by the British 
Government increased up to the time of the entrance of the United States 
into the war. This situation has been relieved somewhat by the release of 
German publications, through the efforts of the Librarian of Congress on 
behalf of the libraries and educational institutions of the country. 

The Librarian of Congress, Dr. Herbert Putnam, has taken a keen interest 
in the situation and is ready to render aid wherever he can. The first of 
this year he sent Mr. Theodore W. Koch, Chief of the Order Division of the 
Library of Congress, to London in the interest of the Library of Congress 
and the libraries of the United States. Mr. Koch listed the packages held 
in London, giving the address to which they were consigned, and sent this 
to the Librarian of Congress, who in turn notified the librarians concerned. 
Some of the books intended for scientific use were addressed to members 
of the staffs of the institutions to which they belonged. In such cases no 
notification was sent by the Library of Congress. 

The following extract from the report of Mr. Koch to the Librarian of 
Congress will give a better understanding of the object of the censorship: 


Two important memoranda were issued in May, 1915 as Parliamentary Papers—one on 
the Censorship, the other on the Press Bureau. Together they provide the official justifica- 
tion of the Censorship as it affects both the individual and the Press. 

This new branch of the government—the Censorship—is described in the memorandum 
as one of several institutions designed with a threefold object: To prevent information of 
military value from reaching the enemy, to acquire similar information for the British gov- 
ernment, and to check the dissemination of information useful to the enemy or prejudicial 
to the Allies. When the transmission of correspondence and the publication of news are 
consistent with the attainment of these objects there is little or nointerference. Every 
endeavor is made to safeguard the peatte interests, private and commercial of British 
subjects and neutrals. 

In the course of the present war it has become apparent that in the Censorship there lies 
ready to hand a weapon, the full value of which was perhaps not anticipated prior to the 
war. It can be used to restrict commercial and financial transactions intended for the bene- 
fit of enemy governments or persons residing in enemy countries. 

The Memorandum discusses the Censorship as it affects (1) private and commercial com- 
munications; and (2) the Press. It states that the censorship of private and commercial 
communications is under the direction of a general officer who is responsible to the Army 
Council. The Censorship is organized in two sections: (1) the Cable Censorship under the 
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control of the Chief Cable Censor, who is a senior officer of the General Staff at the War 
Office, and (2) the Postal Censorship, controlled by the Chief Postal Censor. In addition 
to some 120 cables and wireless stations in various parts of the Empire the Chief Cable Cen- 
sor controls in the United Kingdom messages sent over the cables of the private cable com- 
panies. Every twenty-four hours from 30,000 to 50,000 telegrams pass thorough the hands 
of the censors of the United Kingdom. Exclusive of those in the official Press Bureau, 
about 180 censors are employed in the United Kingdom in the censorship of cables; else- 
where in the Empire about 400. In the United Kingdom with few exceptions they are 
retired naval and military officers. 

The Memorandum further states that the objects of the Postal Censorship are similar to 
those of the Cable Censorship. All mails that have to be censored are necessarily subject to 
some delay, but harmless letters, whether private or commercial, are not detained, even 
when coming from an enemy country or addressed to an enemy person. No letter, however, 
addressed to an enemy country can be transmitted unless its envelope is left open and is 
enclosed in acover addressed toaneutralcountry. Lettersin which any kind of code or secret 
writing is used are liable to be detained even if the message appears to be harmless and 
totally unconnected with the war. In the private branch more than a ton of mail matter 
is censored every week, exclusive of parcels. Commercial correspondence with certain 
foreign countries is dealt with in the trade branch and amounts to nearly four tons every 
week. 


There are still a number of packages of publications held for individuals 
and institutions in the United States which could be had if proper application 
were made. Forms for this purpose are given below. Form A shouldbe 
used where the contents are known. In the event the contents are not known 
but it is supposed that there are packages held in London, Form B should 
be made out in a general way and forwarded to the Librarian of Congress for 
his endorsement. After he has certified that it is in good order, it will be 
returned to the individual making the application, by whom it should at 
once be forwarded to the Procurator General in London through the Ameri- 
can Consul General at the same place, Mr. Robert P. Skinner. 


Form A. To be used where the contents 
of the consignment are known. 


APPLICATION FOR RELEASE OF SHIPMENT DETAINED BY THE 
BRITISH AUTHORITIES 


comprising certain books of a philosophical, scientific, technical, or educational character, 
specifically destined for universities, colleges or public bodies in the United States. 


To the Honorable 
The Procurator General 
London, England. 
Respectfully represents the undersigned: 
1 That We Aste. eae ae renee ite of the 
, University 
2. That such institution is a | College 
| Public Body 
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3. That it requires for its use from a country now hostile to Great Britain the books 
whose titles are shown on the attached list marked A, comprising in all...... titles, and the 
number of copies stated respectively. 

4. That he believes there is no one of the said books which may not truly be described as 
‘philosophical, scientific, technical, or educational” in character. 

5. That the packet (packets) containing the said books, consigned by the firm of....... 

was : 
Die ci6 AS ee ae hee Shipped Dyeet he os Sei ues ate! Aes Mak tials oe evel a DY. 
eee a but:thattonior about the... /.’... GEIR 09 Rete Ue Pg 191". J ue 
parcels post; \ we 
fale fis 


| They are listed as no. (nos.) 


by the British authorities, and are now detained. 
hye ea ee of such seizures. 


6. Wherefore he prays that fe may be released and delivered to the London agent 


they 
of said institution, Messrs. ..... BFE SpE ae atiyth, or to the American Consul at London, to 
be forwarded to said institution. 


[Endorsement.| The Library of Congress, 
Wiasbing ton yu): (Cr sie Silay eat ik sachs LOT is 


I am satisfied that the within application is genuine and that the volumes covered 
{ University 
by it are in fact destined for the use of the iene named. 
Public Body. 


eocere eee ee ee ee ew we we ee ee wo 


Librarian of Congress. 


Form B. To be used where exact contents 
of consignment cannot be given. 


APPLICATION FOR RELEASE OF SHIPMENT DETAINED BY THE 
BRITISH AUTHORITIES 


supposed to comprise certain books of a philosophical, scientific, technical, or educational 
character, specifically destined for universities, colleges or public bodies in the United 
States. 


To the Honorable 
The Procurator General 
London, England. 
Respectfully represents the undersigned: 
Hem MATES Si tei. ushe nee aniah. Coy EAs oN inn naar ae ee ey SER in ew SP eT OC 


(Be) xe) (ee) \slseFer ee 0 18 8) © 0 jee. 0 8 10 0 © 6.0) 6 6 we 2) 60 0. 6 018 00 6 ee 0 © 6 0 0 6 0 se em 8 8 ee Ole © 6 8 8 6 88 hee ee ke 8 ee 8 8 8 8 ek eet 


University 
2. That such institution is a < College 
| Public Body 
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3.) Thatihe isvinformed, thater. ss... packets 72). of books addressed to the said 
institution by tue HM IOL er eet sarees { was on or about the...... day Ola ize 
| were 
191 , seized by the British authorities in the (ae meu on the S. S..0)0)..2..) ee 
_ | parcels post 


SL fe now detained by them. The packet....... bear(s) the number...... in the list 


of seizures. 
4. That he cannot state with certainty the contents of the said packet..; but that he 


: it 
believes that { hey 


5. Wherefore he prays that ee 
said categories, shall be released, and delivered to the London agent of the said institution, 
MVCSSTS peers Mei leo ontd esses or to the American Consul at London, to be forwarded to 
said institution. 


include(s) no books not within the above categories. 


or such portion as shall be found to be within the 


[Endorsement] The Library of Congress, 
Washington, D:C.,.3... 1.5.00. one 191 


I am satisfied that the within application is genuine and that the volumes covered 
( University 
by it are in fact destined for the use of the { College named. 
| Public Body 


© © 6 2 0 © a © @ 68 © (0 0 © 10 (one, ale ial ele 


‘ Librarian of Congress. 


The forms given are for the securing of mail matter held in London and do 
not apply to publications ordered through agents which have been held in 
Rotterdam. Part of this lot has already been shipped to this country, and 
for the remaining 102 cases shipping permits have been granted, and these 
will be forwarded as soon as ships can bring them. It will, therefore, not be 
long before all this material will be in New York, where it will be passed upon 
by a representative of the Department of Justice and a member of the staff 
of the Library of Congress. After that the publications will be delivered to 
those for whom they were intended. 

Regarding the securing of more recent German publications, I quote the 
following from a letter of Dr. Herbert Putnam, Librarian of Congress: 


But since the entrance of the United States, there has been no attempt to 
continue this procedure, the only effort made being to secure the release of material already 
seized by the British authorities or detained at Rotterdam. Among our libraries, generally, 
it is assumed, I think, that if not a trading with the enemy act, other considerations would 
necessarily suspend the purchase of books and periodicals from the enemy countries. I 
suppose, however, that there are German and Austrian publications the actual need of which 
by our scientific investigators, even for the work which they are doing in the general defense, 
should be held to outweigh the objections to trading with the enemy. While we were still 
neutral, the British Government offered to secure such publications through its own (H.M.) 
Stationery Office. I suppose that that offer would still hold good, and that an American 


a Se 
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university, college, or public body, requiring a German publication of a philosophical, scien- 
tific, technical or educational character, which it could conscientiously import in spite of 
the trading with the enemy act, might place an order for it with its London agent, who, 
under the above arrangement, would submit it to H. M. Stationery Office, the latter securing 
and delivering it to that agent. 

The procedure would involve delay and some additional expense, the Stationery Office 
charging a penny in a shilling for its labor in the matter. 


The Department of State has recently instructed the Ambassador at Lon- 
don to report on the procedure which is followed by the British Government 
in securing needed publications of German origin with a view to making an 
effort to have a similar procedure put into effect here. 


NATIONAL RESEARCH COUNCIL 


REPORT OF THE GEOLOGY AND PALEONTOLOGY COMMITTEE 


At the organization of this Committee in January, 1917, its Chairman had 
been authorized by the Geological Society of America to appoint a Com- 
mittee which should be charged with the effort to fortify the instruction in 
geology given in civil engineering training in the technical schools of the 
country. With the approval of the Executive Committee of this Council, 
this function was taken over as proper to the present Committee, and in this 
capacity it has served as such Committee of the Geological Society of America. 
Upon this phase of its activity and on favorable results secured by assurances 
from various engineering schools of high standing, a report has already been 
made to the geologists of the country. Changed conditions since the entry of 
the country into the war may delay, for a while, the perfection of the program 
urged by the Committee. 

As a preliminary procedure, a census was made of all the geologists of the 
United States, with special reference to their training, their special investiga- 
tions in progress, special lines of research planned, effective lines of possible 
public service and the regions of the United States with whose topography 
and geology they had an intimate acquaintance. This has served as the ba- 
sis of correspondence, reference and inquiry in the course of the organization. 

To make clear to the military officers the nature of the service which geolo- 
gists could render, a brochure entitled What a Geologist Can Do in War was 
printed in a large edition and freely distributed among the officers. This 
was a very brief statement in entirely untechnical language, put together in 
convenient form for the pocket, and since the original circulation of it, the 
demand for copies from various sources has been large. 

1. Materials and Facilities for Rapid Road and Fortification Construction. = 
The purpose of this undertaking has been to bring together and organize for 
the use of the Engineers Corps, outstanding data bearing on the natural avail- 
able supply of material for quick road and fortification construction along the 
Atlantic seaboard; to indicate upon maps the locations of immediately avail- 
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able supplies of every sort, and to tabulate for prompt reference the capacity 
of all commercial workings. 

The area covered includes all of the statesfrom Maine to Texas, with an 
intensive detailed study of certain states covering a belt from 10 to 20 miles 
back from the coast line. The work has been performed gratuitously by 
geologists familiar with the local conditions in each of the states in association 
with highway engineers representing the American Association of State High- 
way Officials, the full reports by states covering (a) the topography, climate, 
and geological conditions; (0) a digest of the active and inactive quarries, 
quarry sites, sand and gravel pits, rubble piles, and stone walls where mate- 
rials may be obtained quickly; (¢) a summary of road machinery available at 
given points, and a list of engineers with their qualifications for undertaking 
road and. bridge construction; (d) and a series of maps representing this infor- 
mation cartographically. Two sets of the detailed reports for file in the 
general and departmental archives have been prepared in bound volumes and 
atlas cases for ready reference. The reports have been abstracted and con- 
ditions summarized by Military Departments and State Divisions. 

Eventually, and because of the value of the compiled data, the entire work 
will, it is hoped, be put in permanent form. 

2. Measurement of Earth Vibrations as a Means of Locating Heavy Bat- 
tertes.—It was early suggested that a perfected seismographic apparatus 
might be devised which would be competent to detect and measure, by earth 
vibrations, the distance of heavy artillery discharges. The matter was 
studied carefully by the most competent seismologists, and Dr. Reid, of the 
Committee, on his trip to the war front, was specially commissicned to look 
into any actual or possible applications of this service. The service which 
it was thought ought to be rendered by seismic ranging, is now being given by 
sound ranging and airplane observation. Dr. Reid, however, a member of 
this Committee, has given successful attention to the means of correcting the 
troublesome compass variation in rapidly-moving airplanes, in which work 
he has codperated with the Committee on Physics of the Research Council. 

3. Water Supply for Camps.—This subcommittee was organized under the 
title of Camp Sites and Water Supply, in the expectation that the knowledge 
the members were competent to supply would be of service in the selec- 
tion of camp sites, with reference to quality of soil, topography and under- 
drainage, ground water and deep water distribution. In the location of the 
present camps this knowledge was only incidentally used, it being assumed 
that other agencies were adequate. 

As the military camps are now located, the subcommittee retains its organ- 
ization to meet any demands for information regarding water supply or 
other questions which may develop with the growth and further movements 
of the Army. 

4. War Minerals—The Subcommittee on Imported Minerals, instituted 
by this Committee, has merged into an independent Committee on War 
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Minerals, constituted to represent the American Institute of Mining Engineers, 
United States Geological Survey, United States Bureau of Mines and the 
National Research Council. 

As its operations combine the joint activities of several organizations, it is 
transmitting its reports through the organizations in its representation. The 
Committee has been effective for the past four months, in which time it has 
taken a census of the minerals required in war preparations of all kinds, 
_ particularly with reference to amounts imported, stock on hand, production, 
active and suspended, possible enlargement of production; and it has inaugu- 
rated surveys in several states, partly under Government and partly under 
state auspices, for the purpose of perfecting data of present and increased 
production, to determine new ore bodies and invite prompt exploitation 
thereof. The work is important; it has already instigated wide-spread ac- 
tivity throughout the country in the search for mineral supplies; it has ascer- 
tained with approximate accuracy the most imperious exigencies of these war 
industries; it has led to direct recommendations to the Secretary of War; and 
it is effectively aiding the labors of the War Industries Board. 

5. Pacific Coast Sub-committee on Geology.—This has recently been organ- 
ized for active service. Its personnel is made up of men representing the 
states of California, Nevada, Oregon and Washington, and in its Chairman 
and several of his associates has the benefit of experience and achievement 
in connection with the scientific work of the State Defense Council of 
California. 

6. Geology of Cantonments and Geological Instruction in Training Camps.— 
This sub-committee has recently been organized and the work it has laid out 
consists in: 

(a) The preparation of topographic and geological maps of the canton- 
ments and camps and their environs, for a radius of about 20 miles. 

(0) Preparation of descriptive matter explanatory of such maps, to be 
printed, both with them and in separate pamphlet form. 

(c) Provision for instruction in geology and physiography, to be undertaken 
in connection with the mobilization and training camps. 

Each phase of this work has been initiated. The preparation of the maps 
and their description are being carried out by the Government and the State 
Geological Surveys. The courses of instruction, if approved by the War De- 
partment, will be given in most cases by geographers and geologists who are 
conveniently situated with reference to the geographical location of the camps. 

7. Among the earliest suggestions of service before this Committee was the 
possibility of constructing a superior armor for the National Army, on the 
basis of the construction in the armored Devonian fishes. 

In conjunction with the Sub-committee on Protective Body Armor of the 
Engineering Committee of the Council and under the direction of the Ord- 
nance Bureau, Dr. Dean, curator of the Department of Arms and Armor in 
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the Metropolitan Museum and of Fossil Fishes in the American Museum, a 
member of this Committee, has designed effective models for new armor which 
are now being manufactured for trial in actual field operations. 

8. The hope of the Committee has been to attach a geologist in an ad- 
visory capacity, to each military unit of large size. This end has not yet 
been attained; some geologists, former members of Officers Training Camps, 
hold commissions in France with the Commanding General; a number are 
now in active service here, and under instructions from the Secretary of War, 
a list has been compiled of all geologists willing to accept commissions in any 
department of the Army. ‘This list is a large one and the intimations of the 
Secretary of War are that, as the military activities develop, additional calls 
will be made for active field service by the geologists. 

9. The ‘Plan of Service’ submitted by the Committee has now been ap- 
proved, in general, by the Engineer Officers and the Secretary of War. ‘This 
plan of service laid special emphasis on the importance of our ability to 
interpret soil and rock conditions in relation to trenchability, tunneling, and 
the locaticn and control of ground water. 

J. M. CLarKE, Chairman 
W. W. ATwoop J. C. MERRIAM 


C. P. BERKEY R. A. F. PENROSE, JR. 
A. L. Day H. F. Rrerp 
BASHFORD DEAN’ C.R. VAN HISE 

F. W. DEWOLF C. D. WALCOTT 
W.O.Hotcuxiss J. B. WoopwortH 


E. B. MATHEWS 


NATIONAL RESEARCH COUNCIL 


FIRST REPORT OF COMMITTEE ON ZOOLOGY 


1. Organization of Committee—In organizing the Committee cn Zoology 
the attempt has been made to select its members so as to represent various 
branches of Zoological research as well as different sections of the country 
and at the same time not to have the Committee so large or so widely scat- 
tered as to be unworkable. The Zoological Committee of the Committee of 
One Hundred on Scientific Research of the American Association for the Ad- 
vancement of Science was incorporated in the present Committee on Zoology 
and afew other persons were added. As the work develops it is expected that 
other members will be added to the Committee and that Sub-committees will 
be formed in special branches of the science. At the present time the mem- 
bership of the Committee on Zoology consists of the following persons, whose 
addresses and principal scientific interests are given after their names: 
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D. G. ConkLin, Chairman, Princeton University, Embryology, Cytology. 

S. A. Forses, University of Illinois, Entomology, Ichthyology, 
Ornithology. 

C. A. Koro, University of California, Protozoology, Parasitology. 

F. R. Lite, University of Chicago, Embryology, Marine Biology. 

T. H. Morean, Columbia University, Experimental Zoology, Genetics. 

G. H. Parker, Harvard University, General Zoology, General Physiology. 

J. REIGHARD, University of Michigan, Ecology, Ichthyology. 

H. M. Smitru, Commissioner of Fisheries, Washington. 

As now constituted, the Committee represents predominantly pure zoology 
as contrasted with applied and universities rather than technicalinstitutions. 
This is due in part to the fact that there has hitherto been a greater lack of 
cooperation and organization in pure zoology than in applied and in part to 
the facts that applied science must be developed on a foundation of pure 
science and that universities must supply most of the investigators for all 
lines of scientific research. Many zoological subjects of economic impor- 
tance, not now represented directly on this Committee, are organized under 
separate bureaus, divisions or surveys of the general Government or of the 
several States—such as the United States Bureaus of Animal Industry, Bio- 
logical Survey, Entomology, Fisheries, and the Agricultural and Biological 
Stations and the Fish and Game Commissions of the various States. Fur- 
thermore, the Committees of the Research Council on Agriculture, Medicine, 
and Physiology deal with many problems which are essentially zoological. 
Many zoological investigators are at work in fields occupied by these different 
organizations and to a large extent the work and the workers which are left 
to the Committee on Zoology represent the residue of zoological science after 
these more practical subjects have been taken away. 

Our Committee has attempted to establish cooperative relations with many 
of these organizations and to avoid conflicts with all of them. Wherever 
work is already being done by any existing organization it is the desire of the 
Committee on Zoology to assist in that work in any way possible and not to 
duplicate it. The members of the Committee are in contact with or have 
knowledge of the majority of the zoological investigators of this country and 
in many cases it would be possible for the Committee to recommend to these 
National or State organizations investigators or students for particular lines 
of work or to find laboratory facilities for the investigation of special problems. 

2. Suggestions for National Service.—During the war the immediate needs 
of the nation take precedence over all other aims and the practical and eco- 
nomic applications of research must to a large extent supersede the extension 
of knowledge for its own sake. Many zoologists have turned from their 
customary duties to some form of national service; several are doing impor- 
tant work with the Food Administration, others have taken up research work 
in some of the governmental bureaus or State Commissions, still others have 
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offered their services to the nation through the Committee on Zoology. In 
response to many inquiries from zoologists as to how they might be of service 
in this national emergency the Committee on Zoology published in Science, 
volume 45, number 1173, “Some Suggestions for National Service on the 
Part of Zoologists and Zoological Laboratories,” from which the following is 
extracted with certain modifications and additions: 

The greatest national service which the biological sciences can render in 
war as well as in peace is in conserving human life, in protecting and improy- 
ing useful animals and plants, and in controlling or destroying injurious ones; 
when it is remembered that practically everything which we eat or wear 
comes from animals or plants it will be realized that this last is no slight 
service. 

Many of the practical and economic branches of biology have long been 
well organized for public service and this applies particularly to medicine, 
sanitation and agriculture; in each and all of these branches the trained zoolo- 
gists may render valuable aid. Probably no other non-medical men are 
better prepared by training and no other institutions better fitted by equip- 
ment to assist in medical and sanitary work than are zoologists and zoological 
laboratories, and in the matter of the propagation and improvement of useful 
animals and the destruction of useless or injurious ones zoologists should be 
especially at home. In many instances zoologists who have hitherto con- 
fined their attention to theoretical and general problems would need to turn 
their attention to new lines of work, but it can not be doubted that experience 
in solving general and theoretical problems would be of great value in deal- 
ing with special and practical ones. 

3. Sanitary Work.—(a) Much sanitary work is primarily zoological as, for 
instance, the study of the life histories of parasitic protozoa, tapeworms, 
flukes, roundworms, insects, mites, etc., together with methods of their con- 
trol or eradication. 

(b) The elimination or control of animal pests, which are often carriers of 
disease-germs, such as flies, mosquitoes, bugs, lice, rats, etc. 

(c) Assistance in medical diagnosis, as in the microscopical or chemical 
examination of blood, urine, feces, sputum, etc. 

(d) Microscopical or chemical examination of water and soil of camp-sites, 
drainage-areas of cities, etc. 

(e) The zoological aspects of the collection and disposal of garbage and 
sewage. 

(f) “The effects of sewage contamination upon the system of life and hence 
upon the economic productivity of specific waters, especially of important 
rivers, and a program of management, calculated to gain and retain whatever 
economic advantages, and to avoid whatever disadvantages, the contamina- 
tion of streams by sewage may involve or entail.” (LetterfromS. A. Forbes.) 

In view of the importance of zoological science in dealing with old and new 
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problems which will arise in connection with sanitation, it would be very 
desirable to have at least one trained zoologist connected with the medical 
staff of each mobilization camp. 

4. Agricultural Work.—(a) Application of principles of heredity to the 
improvement of breeds of domestic animals. 

(6) Study of physiology of reproduction with a view to increasing produc- 
tivity in animal breeding; for example, improved methods of incubation, 
brooding and rearing of fowls; better methods of increasing egg laying, espe- 
cially during winter months; the serious problems of abortion in cattle, small 
litters and destruction of young among swine, etc. 

(c) Determination of standards of feeding and care of domestic animals 
for best general or specific results and for greater economy. 

(d) Cooperation with the agricultural agencies of the states and nation in 
the elimination of animals which prey upon or are parasitic upon domestic 
animals; of animal pests destructive to crops, fruits, forests,—to stored vege- 
tables, grains and other food supplies,—to clothing, woodwork and other 
manufactured products. The annual losses due to such animal pests are 
probably not less than the enormous taxes levied for the prosecution of the 
war; here is a perennial tax which would relieve us of all national taxation if it 
could be saved and applied to that purpose; here are problems which call for 
research work of the highest order and for an army of investigators. 

(e) The protection of insectivorous birds and the propagation of enemies 
of injurious insects. It is estimated that in Kansas alone the annual pre- 
ventable damage to food crops amounts to thirty million dollars. The largest 
natural elements in the prevention of this loss are ground-nesting birds. 
Migratory birds should be protected by the passage of the Gite Bird 
@reaty Act.” 

In this connection the Chief of the Biological Survey has written: 

“The National Stock Growers Associations estimate that the annual losses 
in live stock from predatory animals in the Western United States amount to 
from $12,000,000 to $15,000,000. The directors of extension work in the 
Western States estimate that the losses in cereal and other crops through 
depredation of noxious rodents in the four states of Montana, North Dakota, 
Kansas and California, amount to between $50,000,000 and $60,000,000. I 
have determined that, at a conservative estimate, the damage done by house 
rats each year amounts to $200,000,000.. This involves the continuous labor 
of more than 200,000 men. This is entirely apart from the very serious losses 
and deaths through the disease carrying proclivities of these animals. The 
work of conserving and increasing our migratory birds through the Migratory 
Bird Treaty with Great Britain is another important activity of this Bureau. 
The Canadian Government is now proceeding to secure enactments necessary 
to make the Migratory Bird Treaty effective on the recommendation from 
Government officials that to do so will assist in protecting the crops through 
the better protection of insectivorous birds.” 
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5. Better Utilization of Wild Animals.—(a) Preservation, propagation and 
domestication of useful wild animals. The game resources of the country 
can be fostered and enormously increased with intelligent effort in the right 
direction, thus adding not only to the pleasure and health of a large number 
of people, but distinctly increasing the national wealth by enlarging the food 
supply. The fur trade could once more be made a great national industry. 
Some useful animals, now wild, could be brought into captivity or domesti- 
cated and by selective breeding could be greatly improved. Probably cer- 
tain useful birds and mammals of other countries might be imported under 
proper precautions. 

(6) Exploitation and propagation of useful marine and fresh-water animals 
in cooperation with the Bureau of Fisheries. There is an unlimited supply of 
focd in the oceans of the world and we have scarcely begun to reap the ‘‘har- 
vest of the seas.”’ Countless forms of fishes, crustacea, mollusks and other 
types which are not now generally used as food are both wholesome and 
delicicus when properly prepared. The Commissioner of Fisheries says: 

“Zoologists may perform a service by bringing to the attention of people, 
in the course of their conversations, lectures, etc., the reasons for looking to 
the fisheries for increased food supply, the wholesome character of the meat, 
the economy with which fish are produced without dependence upon agri- 
culture for their food. Many new fishes are being introduced into the mar- 
ket,—sharks, howfin, burbot, sable-fish and others,—and it is certain that 
zoologists can do a good service in helping to overcome popular inertia that 
will be encountered. The Bureau will gladly send circulars announcing new 
fishes to any who apply. 

“The biological problems of fish ponds are numerous. Recently a college 
zoologist in association with the Bureau began giving special attention to 
the relation of dragon flies and damsel flies to fish culture in ponds. Already 
he has gained results that were unexpected, but that are highly significant. 
The larvae of dragon flies were known to prey upon fish fry, but this investi- 
gator finds that they also prey in greater measure upon other insects that are 
more effective enemies of fish fry; various other interesting interrelations are 
discovered. This is only an illustration of what may be done with various 
groups of aquatic and semi-aquatic animals and plants. Results of value 
may, in some cases, be obtainable in a brief space of time. | 

“We know very little about the parasites of fishes, their relative abundance 
under different conditions of environment, their life-histories and alternate 
hosts. Means of control can not be devised without more complete knowl- 
edge regarding particular’ species. 

“We should be glad to advise either directly or through you with any 
zoologist who is considering a particular problem related to fisheries.” 

(c) Prof. S. A. Forbes suggests the following very important investiga- 
tion: ‘The effect on the productivity of streams and their dependent waters 
traceable to operations for the agricultural reclamation of bottomlands, to- 
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gether with a plan for the management of our more valuable streams such as 
to compensate so far as practicable for the losses due to such reclamation. 
We have a problem of this kind on the Illinois River, the normal productivity 
of which has fallen off to about a third its former rate in consequence of dik- 
ing and drainage operations on its bottomlands; and I have been unable to 
find any agency, either state or national, in position to handle effectively the 
practical problem of the managment of the stream and the development of 
the resources remaining after this inevitable reclamation process has gone to 
its limit. It is primarily a fisheries problem and all aware of the facts admit 
that it should be worked out, but neither State nor United States fisheries 
commissions are able to undertake it. The consequence is a considerable and 
increasing loss of food to the country at large, since the product of this stream 
is disposed of chiefly in the principal cities of the eastern United States.” 

6. Educational and Social Work.—(a) Thorough studies of human heredity 
as a necessary preliminary to any attempt to permanently improve our human 
stock and increase our national efficiency. 

(6) The teaching of zoology may be made an especially important means 
of promoting national intelligence, cooperation and welfare, for in many 
respects zoology comes nearer to man and his problems than does any other 
physical or natural science; it is indeed the foundation or background of 
human studies, since man also is an animal. There are many important 
lessons for mankind in the heredity, development, evolution and adaptations 
of animals as well as in the organization of animal states. 

(c) The laying of broad zoological foundations for medical education and 
research must always be an important part of the work of the zoologist. 
While the present demands on medical men continue zoologists would be well 
qualified to assist in the more fundamental subjects of medical education, 
especially in anatomy, histology, embryology and neurology. 

(d) The prosecution of research work, whether in pure or applied science, 
is a national duty of the first magnitude; the continuance of research work in 
zoology, and especially of work already begun which cannot be interrupted 
without serious loss to science, is a real national service. 

7. Miscellaneous Problems.—In addition to these general lines of work the 
following special problems have been suggested: 

(a) The microscopical inspection of food, clothing and supplies. 

(b) Studies of the coat coverings of animals with a view to the utilization 
' of nature’s principles in making the clothing of soldiers ight, warm, well- 
ventilated, impervious to water and protectively colored. 

(c) Studies of the mechanism of aquatic and aérial locomotion in animals 
with reference to its application to submarines and aéroplanes. 

(d) Utilization of gulls and other aquatic birds in locating submarines. 

(e) Studies of the mechanisms of limbs and joints with a view to offering 
suggestions in the construction of artificial limbs. 
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(f) Investigation in tissue cultures, grafting and regeneration, with a view 
to their surgical applications. 

(g) The protection of submerged timbers from depredations of ship worms 
and the prevention of the fouling of ship bottoms by attachment of marine 
organisms. 

8. Activities of the Committee on Zoology.—In carrying out some of these 
suggestions members of the Committee have recommended to the Govern- 
ment investigators trained in the study of certain important human parasites 
which are not widely known; one member of the Committee has offered his 
services for the study of intestinal flagellates which cause trench diarrhea; 
zoologists trained in microscopical technique and parasitology have been sent 
into medical and hospital service. The suggestion that at least one zoologist 
especially familiar with animal parasites should be assigned to the Medical 
Staff of each mobilization camp has not been acted upon so far, but it seems 
to the Committee that this should be done as soon as possible. 

Some zoologists and zoological students have been cooperating in the cam- 
paigns against animal pests which have been organized by the Bureau of 
Entomology, the Biological Survey and by Commissions of certain States. 
Others have been employed by the Bureau of Fisheries in exploiting new 
sources of marine food and in devising new methods of curing and preserving 
food fishes. 

One member of the Committee has been making experiments in consulta- 
tion with naval officers, on new methods of protecting ship bottoms from 
fouling due to the growth of marine organisms. Several zoologists have been 
interested in the problem of utilizing gulls in locating submarines. It seems 
probable that by feeding gulls from a submerged submarine, practically all of 
these birds along our coast could be trained within a brief time to hover over 
submarines and thus reveal their location. There is some reason to believe 
also that individual gulls could be trained to work from ships at sea to which 
they would return. In this connection the Commissioner of Fisheries writes: 
“The great success of the Japanese in training wild cormorants for the serv- 
ice of man should be borne in mind.”’ ' 

Finally, the members of the Committee in common with many other zoolo- 
gists, have been actively engaged in research and in the promotion of research 
chiefly in non-applied lines. Probably the output of zoological research in 
this country was never greater and the facilities for carrying on such work 


were never better than in the year preceding our entrance into the war; — 


nevertheless conditions in these respects can be greatly improved and the 
Committee on Zoology of the National Research Council considers that one 
of its main functions is to prepare for research work in all branches of zoology 
in the period after the war. To this end one of the first duties of the Com- 
mittee will be to make a census of workers, laboratories, publications, fellow- 
ships, assistantships, etc., together with a list of the most general needs of 
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research work in zoology. The Committee will undertake this work as soon 
as possible and in the meantime it invites from every zoological investigator 
in the country a statement of the things most urgently needed for the pro- 
motion of his own research work. 

For the Committee, Epwin G. CONKLIN, Chairman. 


NATIONAL RESEARCH COUNCIL 


THE SCOPE AND WORK OF THE BOTANICAL RAW PRODUCTS COMMITTEE 


‘At the twenty-fourth meeting of the Executive Committee of the Council 
held on July 12, 1917, the appointment of a Botanical Raw Products Com- 
mittee was approved. This committee has since been organized with Edward 
M. East, Chairman, and Oakes Ames, L. H. Dewey, H. M. Hall, Henry 
Kraemer, A. D. Little, George T. Moore, W. W. Stockbergerand W. P. Wilson, 
members. It is designed to serve as a clearing house where manufacturers 
needing raw products of a botanical nature may obtain information regarding 
them. The scope of its work may be outlined somewhat as follows: 

1. The collection of agricultural, botanical and commercial data on all 
species and varieties of plants having an economic value (exclusive of food 
staples). 

2. Dissemination of such information among importers and manufac- 
CUTE. 

3. Investigation of requirements of the trade for known raw mate- 
rials. , 

4. The discovery of new geographic sources of plants necessary to the 
trade. 

5. The development of plans for meeting the needs of industry by the 
cultivation of economic plants in the United States. 

6. The initiation of investigations calculated to discover the value of 
conventional equivalents and substitutes for raw products of a botanical 
nature. 

7. The discovery and investigation of the value of new equivalents and 
substitutes. 

8. The investigation of the requirements of the trade for new raw mate- 
rials. 

9. The suggestion of new species as possibly meeting trade requirements, 
and the initiation of the proper investigations as to whether or not they 
meet these requirements. 

10. The suggestion of new uses for botanical raw products. 

Owing to the magnitude of the work proposed, there being over 25,000 
species and varieties of plants having an economic value (exclusive of agri- 
cultural and horticultural novelties), it would be some time before active work 
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as a clearing house for manufacturers could begin were it not that at the com- 
mencement of its labors there was already available to the committee a large 


amount of data on special subjects gathered and catalogued at various re- 


search institutions. It is therefore already on a working basis, both in its 
advisory and its research capacity. 

That there is great need for a work such as this hardly requires demon- 
stration. Exclusive of foods, numerous botanical raw products are very 
important to our industries. There are gums and resins, rubbers, vegetable 
fats and oils, vegetable dyes and tannins, fibres, cellulose, drugs and herbs, 
essential oils and perfumes, and possibly most important of all, forest prod- 
ucts. A great number of facts have been discovered about many of these 
products, but in too many cases even the name of the species from which 
the raw material comes is uncertain, obscure or unknown. Very often a 
great industry buys its raw material from a broker or an importing house 
without knowledge of either the geographic or the specific source. When this 
source is cut off, as has frequently been the case during the past three years, 
and as possibly will be more frequent during the next few years, the manu- 
facturer has been placed in an uncomfortable position. Curiously enough, 
such a predicament is many times brought about by the curtailment of a 
products used in such relatively small quantities that the fact that it is essen- 
tial to the finished article is overlooked or forgotten during times of plenty. 

The Botanical Raw Products Committee, if it gives the service expected of 
it, must answer questions concerning all such materials. To do this, data are 
required along five different lines: botanical, agricultural, industrial, com- 
mercial and bibliographical. 

One should know the correct scientific name together with the scientific 
synonomy, the published descriptions, original sources and plates. He should 
have at hand the native names, for, though often confusing, they are fre- 
quently the sole clues to the identity of commercial specimens. No less 
important is the history, the morphology, the physiology and the geographi- 
cal distribution both of the plants themselves and of their near relatives. 

Pertinent agricultural facts are those regarding varieties, their types and 
origin; cultural requirements, including data on soils and fertilizers, climate, 
temperature, moisture, planting and cultivation; harvesting and storing; 
diseases and their treatment; and pests and their control. 

Industrial data are still more complicated. One must know all of the eco- 
nomic uses of a plant, and oft-times these are varied as well as numerous. 
The products go under many aliases, both trade names and native names. 
These must all be listed. Various methods of preparation must be entered. 
Data on yields, grades and values, must be assembled. The raw products 
themselves must be identifiable, and methods of detection frequently must 
be worked out. And even here the work does not end. Equivalents, sub- 
stitutes and adulterants must be described and tabled, and the uses for which 
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they are fitted and for which they are unsatisfactory investigated. Many of 
these facts are obtainable only if commercial firms offer their hearty coopera- 
tion and support. They are not trade secrets but pertain to specialized in- 
dustries and are not usually available in published form. 

These agricultural, botanical and industrial data, if brought together in a 
systematic manner, will have a lasting value and will serve as a basis for 
placing economic botany on the high plane of usefulness that industrial chem- 
istry has held for many years. But they will not meet the practical require- 
ments of economic life unless considered from the commercial viewpoint. 
They must be supplemented by all available statistics concerning the impor- 
tation and exportation of each product, and the prices current through a term 
of years. 

Finally, there must be a reference library department. Information is of 
little use unless it is systematized in such a manner that it is readily avail- 
able. Adequate cross reference catalogues containing citations of the best 
literature must therefore be kept up to date. 

This, in a general way, is the work which the Botanical Raw Products 
Committee must do to be in a position to act as an industrial service bureau. 
This is the work which, though it must be continuous, though it never reaches 
completion, is really preliminary to the main activities listed above. ‘True 
service must come from actual contact with the technical problems of manu- 


facturers and importers. 
For the Committee, E>warp M. East, Chairman. 


NATIONAL RESEARCH COUNCIL 


MEETINGS OF THE EXECUTIVE COMMITTEE 


The thirtieth meeting of the Executive Committee convened in the offices 
of the Council in the Munsey Building, Washington, D. C.,on September 13, 
1917, and was called to order at 3.00 p.m. by the Vice-Chairman, Mr. Millikan. 

Messrs. Bogert, Dunn, Millikan, Noyes and Vaughan were present, and, 
by invitation, Messers. Durand, G. N. Lewis, Manning, and Mendenhall. 

Discussion took place with regard to the advisability of extending the 
scope of the Research Council, so to have it serve, if practicable, as a means 
to bring about the coérdination and centralization of research activities 
catried on in connection with the war in different bureaus of the Departments 
of the Government. Mr. Millikan outlined the development of the work of 
the Council in its capacity as an advisory agent for the scientific services of 
the Signal Corps and presented the following statement which hasbeen pre- 
pared with the approval of the Chief Signal Officer as expressive of existing 
relations: 


The Science and Research Division of the Signal Corps, established on July 16 under the 
direction of the National Research Council, of which Major Millikan is the Executive Officer, 
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is expected to keep in close touch with all of the divisions of the Signal Corps in which re- 
search is carried on or is needed. Its status and connections are shown in the accompanying 
diagram. Its functions are twofold. 


1. To furnish personnel of the research sort to the other divisions when the stiuation 
warrants attaching men of this type to these divisions. 

2. To have a personnel of its own which keeps in intimate contact with all research de- 
velopment work in other divisions, such as new methods, new devices, new instruments 
and distributes research problems to the research laboratories of the country, university, 
industrial or governmental, with which it is associated. 

Officers in charge of various divisions and services of the Signal Corps in discharging 
responsibility for the effectiveness of their respective services are expected to make use of 
the Science and Research Division to the fullest possible extent. 

By order of the Chief Signal Officer. 


Upon motion this statement was approved by the Executive Committee. 

Mr. Manning suggested that it might be desirable for the Council to ad- 
dress a communication to the chiefs of technical bureaus of the Government, 
offering assistance of the Council in securing adequate representation and co- 
operation in research. He thought it would be desirable for a scientific 
representative to be appointed on the general staff of the Army and to have 
subordinate representatives to aid in the correlation of the research work of 
the bureaus of the War and Navy Departments. 

Mr. Millikan reported that the Engineering Foundation had appointed a 
special committee consisting of Messrs. Pupin, Goss and Rand to confer with 
the National Research Council with regard to relations which may appropri- 
ately exist between these organizations in the future. Upon motion a special 
committee or three members of the Research Council was correspondingly 
authorized to confer with the special committee of the Engineering Foundation 
on this subject. Mr. Millikan was appointed chairman of this committee 
and Mr. Carty as a member, these two pen being given the power to 
name the third member of the committee. 

The meeting adjourned at 4.20 p.m. 


The thirty-first meeting of the Executive Committee convened in the 
offices of the Council, Munsey Building, Washington, D. C., September 19, 
1917, and was called to order at 9.05 a.m. by the Chairman of the Committee, 
Mr. Carty. 

Messrs. Carty, Dunn, Millikan, Noyes, Pearl, Stratton, Vaughan, and 
Welch were present, and by invitation, Messrs. Durand, Jewett, Manning, 
Mendenhall, Paton and Watson. 

The minutes of the regular monthly meeting of the Committee of August 22 
and of special meetings of the Committee of September 5 and September 13 
were read and approved. 

The Executive Officer reported: 

1. That a lease for the year ending August 31, 1918, was signed by the 
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Executive Officer of the Council on September 10 for rooms $23 to 335, both 
inclusive, in the Munsey Building, Washington, D. C. 

2. That Messrs. Dunn and Noyes have been added as members of the 
special committee of the Council, appointed at its meeting of September 13, 
to confer with a committee of the Engineering Foundation with regard to 
future relations between these organizations. 

3. That Dr. L. R. Williams and Dr. R. P. Strong, members of the Foreign 
Service Committee of the Council, have submitted extensive reports with 
reference to their observations abroad on sanitary and medical questions. . 
Copies of Dr. Williams’ report have been distributed to officials of the Govern- 
ment, of the American National Red Cross, of the Rockefeller Institute for 
Medical Research and of the General Medical Board of the Council of National 
Defense, and numerous papers and documents which accompanied the report 
have been deposited with the last named organization. Steps are being taken 
to make a similar distribution of Dr. Strong’s report and a similar disposition 
of his material. 

4. That an additional amount of $5,000 has been deposited by the Carnegie 
Institution of Washington in the Riggs National Bank to the credit of the 
National Research Council from the appropriation of $50,000 made for this 
purpose by the Carnegie Corporation of New York. 

5. That the Chairman of the Committee on Gases used in Warfare has 
reported that the Surgeon General of the Navy has designated P. A. Surgeon 
Joseph R. Phelps, U. S. N., on duty in the Bureau of Medicine and Surgery, 
as a member of this Committee to take the place of Medical Director James D. 
Gatewood, U. S. N., detached, and that the Chief of Engineers, U.S. A., has 
designated Captain Earl J. Atkinson, Corps of Engineers, to represent the 
office of the Chief of Engineers at meetings of the Committee on Gases used 
in Warfare. . 

A financial statement was presented, showing expenditures and balances 
available in the three bank accounts of the Council. 

After explanation by Mr. Welch, it was voted that, acknowledging receipt 
of reports submitted by members of the Foreign Service Committee, the 
Executive Committee extends its appreciation of the admirable work accom-_ 
plished by the separate members of this Committee. 

Mr. Paton, upon invitation, submitted a report with regard to the proposed 
codperative work of the Sub-committee on Psychiatry on the subject of shell 
shock and the desirability of the maintenance of intensive work of this char- 
acter abroad. 

Mr. Millikan presented an outline of the present activities of the Physics 
and Submarine Committees of the Council and explained the features of the 
work of the Council in coéperation with the U.S. Signal Corps, particularly 
as evidence of desirable relations which may similarly be established with other 
bureaus of the War and Navy Departments. 
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He reported that the following recommendations have been submitted to 
the Chief Signal Officer: 


1. That First Lieutenant John Q. Stewart, A. S. Signal O. R. C. be placed 


on active duty and detailed to Princeton for work in the sound-ranging service. 

2. That Mr. Bertram A. Sherry be commissioned as First Lieutenant in 
the Aviation Section, to assist in the development of the Aerological Service. 

3. That in connection with requests received from France for the detail 
of twenty-five scientists to work in French laboratories, 

(a) Major R. W. Wood proceed to France to work in coéperation with 
Langevin or else under the direction of the Interministerial Commission. 

(0) Messrs. Roy W. Chestnut and Samuel Sewall now in Paris be com- 
missioned as Lieutenants and assigned to the laboratory of Professor Perrin, 
Director of Inventions. 

(c) Dr. Leonard Loeb be commissioned as a lieutenant and sent to France 
for assignment to service by the Interministerial Commission. 

He also reported that further recommendations with regard to the detail 
of men in physics and radio-telegraphy for services in France would be de- 
ferred until a report may be received from Maj. Wood with regard to the 
urgent need for such men and that requests for men in bacteriology, chemistry 
and hygiene have been provided for through the office of the Surgeon General. 

A communication from E. M. East, Chairman of the Botanical Raw Prod- 
ucts Committee, was read, urging the allotment of funds by the Council 
to assist the work of this Committee and the need of securing closer relations 
with governmental activities. Upon motion of Mr. Noyes, an allotment of 
$100.00 was made for use by the Botanical Raw Products Committee. 

Mr. Pearl submitted a communication from Irving W. Bailey, Chairman 
of the Sub-committee on Forestry of the Botany Committee urging recon- 


sideration of the action of the Executive Committee in appointing this Sub- - 


committee and recommending a proposed enlargement in the scope of the 
work in forestry under the auspices of the Research Council by the creation 
of a special Forestry Committee with appropriate sub-committees, so as to 
encourage desirable codperation in research with existing agencies. The 
relation of this proposed Forestry Committee with the Botanical Raw Prod- 
ucts Committee and with work in botany and agriculture was also discussed, 
and, upon motion of Mr. Vaughan, it was finally decided to refer these ques- 
tions with power to a special committee consisting of Messrs. Pearl, Chairman, 
Bailey, Coulter, East and Millikan, the decisions of this Committee to be 
repotted at the next regular meeting of the Executive Committee. 

Discussion took place concerning coéperative relations which may ap- 
propriately exist between the Council and the National Food Administration, 
in order that members of the Council who are actively interested in food re- 
search problems may be prepared to urge such codperation whenever an 
appropriate time arrives. 
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Messrs. Millikan and Stratton submitted brief reports relative to recent 
developments in procuring an adequate supply of optical glass for purposes of 
the Government. 

Upon nomination of Mr. Durand, Chairman of the Engineering Committee, 
the following Sub-committee on Protective Body Armor was appointed: 

Bashford Dean, Chairman, Col. E. B. Babbitt, G. O. Brewster, G. K. 
Burgess, W. F. Durand, Henry M. Howe, Edward H. Litchfield, Clarence 
Mackay, Ambrose Monell, Thomas Robins, David B. Rushmore, Capt. A. 
T. Simonds, Alexander McM. Welsh and W. H. Wilmer. 

He also rendered a report with regard to the prospective activities of this 
Sub-committee in undertaking codperative work with the Government con- . 
cerning advisable types of individual armor. 

Mr. Watson presented a statement concerning the activities of the Psychol- 
ogy Committee, which led to a discussion of methods employed in the selec- 
tion of men for aviators. Upon his recommendation, with the endorsement 
of the Executive Officer of the Council, a second allotment of $100.00 was 
voted for use by the Psychology Committee for maintenance of its office 
in the Munsey Building. 

Mr. Pearl submitted a report with regard to the work of the Agriculture 
Committee and stated that the Council of National Defense had made an ap- 
propriation for the necessary expenses of this work. He also stated that, with 
the approval of the Secretary of Agriculture, this Committee is now recognized 
as the official codrdinating body for agricultural research in the United States. 

Mr. Durand reported that the special committee on the Patent Office 
situation had conferred with the new Commissioner of Patents. He sub- 
mitted the following recommendations: 


That the National Research Council undertake to organize a committee for the purpost 
of making a preliminary survey of the,problems presented by the work of the U. S. Paten 
Office. The purpose of this committee would be the following: 

1. To make a preliminary study of the character and scope of the investigations needed 
for an adequate study of the problems presented by the work of the Patent Office. 

2. To recommend means adequate for carrying forward such a study. 

3. To consider and recommend whether such investigations should be undertaken at the 
present time and under war conditions, or whether they should be deferred to a later time 
and under peace conditions. 


After discussion it was decided to take a broad view of the functions which 
such a committee might be expected to assume, and upon motion the present 
committee appointed to deal with this subject, consisting of Messrs. Durand, 
Millikan and Stratton, was given power to enlarge its membership to deal 
with the problems presented in accordance with the above recommendations. 

Mr. Dunn submitted a report concerning the relations of the Engineering 
Committee of the Council to other agencies engaged in engineering work and 
in the performance of functions which may be similar in character to those 
undertaken by this Committee, and Mr. Durand submitted a brief outline 
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of the activities of the Engineering Committee as explained to members of 
this Committee at its recent meeting in New York. 

Discussion took place concerning the preparation and publication of 
literature regarding the work of the Council, and upon motion, it was decided 
to issue two pamphlets in such form that they may be suitably bound or fas- 
tened together; one of these pamphlets to contain a complete list of the officers 
and members of the Council and of the members of committees and sub- 
committees; the other pamphlet to contain a description of the organization 
and scope of the Council with explanatory statements relative to the purposes 
and activities of its committees. 

Upon recommendation of Dr. Hale, Chairman of the Council, conveyed 
by telegraph, an appropriation of $1000.00 was authorized for the submarine 
work being carried on at the San Pedro Station of the Navy Department 
under the direction of Dr. Hale. 

The meeting adjourned at 12.45. 


The thirty-second meeting convened in the offices of the Council in the 
Munsey Building, Washington, D. C., on Friday, October 19, 1917, and was 
called to order at 9.05 a.m. by the Chairman of the Committee, Mr. Carty. 

Messrs. Bogert, Carty, Chittenden, Conklin, Dunn, Manning, Millikan, 
Noyes, Stratton and Walcott, and, by invitation, C. A. Adams, Durand, 
Kellerman, Mendenhall and Yerkes were present.. 

The minutes of the regular monthly meeting of the Committee of Septem- 
ber 19 were approved as prepared and distributed to the members of the 
Committee. & 

The Executive Officer reported: 

1. That the Chairman of the Council has appointed Mr. Manning a mem- 
ber of the Executive Committee and has asked Mr. Welch to serve as an ex- 
officio member. Upon instruction, the name of Dr. Gatewood, former direc- 
tor of the Army Medical School, has been removed from the list of members 
of the Council and of its Military Committee, on account of assignment for 
duty away from Washington. 

2. That the U. S. Navy Department has requested the National Research 
Council, the Naval Consulting Board and the American Institute of Elec- 
trical Engineers to submit nominations from which one hundred electrical 
engineers may be selected and commissioned as lieutenants, junior grade, 
in the U. S. Naval Reserve Force; and that Mr. Pupin and Mr. Hutchinson 
have been appointed by the Executive Officer to represent the Council on a 
joint committee of these three organizations for the purpose of performing 
the functions required by the Navy Department. 

A financial statement was presented showing expenditures and balances 
_ available in the bank accounts of the Council. 

Botanical Raw Products Commitiee-—A letter from the Chairman of this 
Committee was read and, upon motion, he was authorized to invite a member 


NATIONAL RESEARCH COUNCIL 739 


of the firm of Arthur D. Little, Incorporated, of Boston to become a member 
of the Botanical Raw Products Committee, and to extend a similar invita- 
tion to Dr. W. W. Stockberger, in charge of the division of Drug Plant Inves- 
tigations of the U. S. Department of Agriculture. 

Chemistry Committee—Upon recommendation of the Chairman of this 
Committee, the name of the Sub-committee on Dyestuffs was changed to 
read Sub-committee on Dyestuffs and Textiles, and the name of the Sub- 
committee on Nitrogen Fixation was changed to read Sub-committee on 
Nitrates and Ammonia. Furthermore the following were added to the mem- 
bership of the Chemistry Committee: 


8 

GrEorGE A. BURRELL, Assistant to the Director, U. S. Bureau of Mines. 

WILLIAM F. HILLEBRAND, Chief Chemist, U. S. Bureau of Standards. 

CHARLES L. Parsons, Chief Chemist, U. S. Bureau of Mines. 

James F. Norris, Professor of General Chemistry, Massachusetts Institute of Tech- 
nology. 

JorL H. HIrpEBRAND, Associate Professor of Chemistry, University of California. 

JoHN JOHNSTON, Research Department, American Zinc, Lead and Smelting Co. 


and membership in the Sub-committee on Nitrates and Ammonia was ap- 
pointed as follows: 


ARTHUR A. NoyEs, Chairman. 
FREDERICK G. Keyes, Associate Professor of Physico-Chemical Research, Massachu- 


setts Institute of Technology. 
ALFRED H. Wuite, Professor of Chemical Engineering, University of Michigan. 


The resignation of Mr. W. V. Vawter as a member of the Sub-committee 
on Chemistry of Fuels was accepted. 


Geology and Paleontology Committee-—Upon request of the Chairman, the 
following were added as members of this Committee: 


Epwarp B. MATHEWS, State Geologist of Maryland. 
FRANK W. DEWOLF, State Geologist of Illinois. 


and a Sub-committee on the Geology of Cantonments and Topographical 
Instruction in Training Camps was authorized with the following membership: 


FRANK W. DEWotr, Chairman, President, Association of American State Geologists. 
WALLACE W. Atwoon, Professor of Physiography, Harvard University. 

IsaAIAH BOWMAN, Secretary, American Geographical Society. 

Martius R. CAMPBELL, Geologist, U. S. Geological Survey. 

WitrtAm QO. Horcuxiss, State Geologist of Wisconsin. 

Douctas W. Jounson, Professor of Geography, Columbia University. 

LawreENce Marti, Professor of Geography and Physiography, University of Wisconsin. 
GEORGE Oris Smit, Director, U. S. Geological Survey. 


An allotment ot $100 was also authorized for miscellaneous expenses inci- 
dent to the work of the Geology and Paleontology Committee and its Sub- 
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committees, payments to be made in accordance with instructions of the 
Chairman of the said Committee. 

Physiology Committee—Upon request of the vice-chairman of this Com- 
mittee, Sub-committees were authorized and members thereof were appointed 
as follows: 


Sub-Committee for Investigations upon the Physiology of Shock 


W. B. Cannon, Chairman, Professor of Physiology, Harvard University. 

JosEPH ERLANGER, Professor of Physiology, Washington University. 

C. C. Gururie, Professor of Physiology and Pharmacology, University of Pittsburgh. 

YANDELL HENDERSON, Professor of Physiology, Yale University. 

D. R. Hooker, Associate Professor of Physiology, Johns Hopkins University. 

H. C. Jackson, Professor of Physiology, New York University and Bellevue Hospital 
Medical School. 

D. R. Josepu, Professor of Physiology, St. Louis University Medical School. 

I’. H. Pixe, Associate Professor of Physiology, Columbia University. 

T. SoLtMANN, Professor of Pharmacology, Western Reserve University. 

C. J. WiccErs, Assistant Professor of Physiology, Cornell University Medical School. 


Sub-Commuiitee on Control of Hemorrhage 


W. H. Howe 1, Chairman, Professor of Physiology, Johns Hopkins University. 
Jay McLEan, Student, Johns Hopkins Medical School. 


Sub-Committee on Solution Adapted for Transfusion After Hemorrhage 


L. J. HENDERSON, Chairman, Assistant Professor of Biological Chemistry, Harvard Uni- 
versity. 
Crcit H. Drinker, Instructor in Physiology, Harvard University Medical School. 


Sub-Commitee on Fatigue in Industrial Pursuits 


FREDERICK S. LEE, Chairman, Professor of Physiology, Columbia University. 


Psychology Committee—Upon recommendation of the Chairman, the fol- 
lowing members were added to the Psychology Committee: 


James R. ANGELL, Professor of Psychology, University of Chicago. 
WALTER D. Scort, Director of Bureau of Salesmanship Research, Carnegie Institute of 
Technology. 


Upon motion, the Executive Committee voted to accept the resignation 
tendered by J. McKeen Cattell of Columbia University as a member of the 
Psychology Committee. 

Forestry Committee —The special committee appointed at the meeting of 
the Executive Committee of September 19, 1917, to submit recommendations 
relative to an adequate organization to represent the interests of forestry and 
its relation to work in botany and agriculture submitted a report, after the 
discussion of which it was voted, upon motion, to approve the organization 
of a special Forestry Committee of the Council with the understanding that 
recommendations concerning membership in such a committee would be sub- 
mitted at a subsequent meeting. 
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Physics Committee.—Mr. Millikan reported with reference to development 
of work in meteorology and sound-ranging and mentioned the highly organ- 
ized work of the Council relative to submarines; and Mr. Mendenhall sub- 
mitted a report of progress concerning work in aeronautic instruments, with 
particular reference to the subject of photographic lenses. 

A communication from Dr. Hale was read relative to the question of inter- 
national scientific relations after the war. Extended discussion of this sub- 
ject followed. 

Mr. Millikan referred to a communication from the Chairman of the Coun- 
cil respecting the question of financial assistance from the Government, in 
view of the co-operative investigations which have been undertaken by the 
Council in the interests of the Government. Discussion which followed led 
to the consideration of the question of possible development of the Council 
which may become necessary as a result of'the extension of these activities; 
and in this connection Mr. Bogert submitted an oral report relative to the 
work of the special committee which had been appointed by the Executive 
Committee to consider questions of organization. This special committee 
was thereupon discharged. 

Upon motion, a Sub-committee to consist of five members, of which the 
Chairman of the Council shall be Chairman and the Chairman of the Execu- 
tive Committee a member, was authorized to consider and report at a future 
meeting of the Executive Committee, with reference to the advisability of 
securing further financial assistance from the Government in the work of the 
Council, with regard to recommendations concerning advisable changes in 
the organization of the Council with a view to increasing its usefulness for 
future work, and with reference to the relations which members of the Council 
and of its committees may appropriately maintain with the U. S. Government 
should such individuals be directly associated with industrial and commer- 
cial interests from which the Government is receiving assistance. 

A letter from Cary T. Hutchinson, submitting his resignation as Secretary 
of the Council, was read. He stated, however, that he expected to continue 
as Secretary of the Engineering Foundation for the present and would be glad 
at the same time to serve the Council, if of convenience. 

After discussion and upon motion, the offer of Mr. Hutchinson to continue 
his work as Secretary of the Council was accepted with thanks. 

The following resolution passed by the Engineering Foundation at its 
meeting on September 20, 1917, was submitted, in reply to the offer of the 
National Research Council, tendered by resolution at a meeting of its Execu- 
tive Committee on August 22, 1917. 


Resolved, That the Engineering Foundation receives with pleasure the resolution of the 
National Research Council expressing appreciation of the financial and personal assistance 
rendered to the organization and work of the Council during the past year. Reciprocating 
the Council’s desire for the maintenance of close relations between workers in science and in 


742 NATIONAL RESEARCH COUNCIL 


engineering, the Foundation hereby declares that it will be its policy to continue the co- 
operation between the two bodies in all practicable ways that may be now, or may become, 
mutually available, such ways consisting of the interchange of helpful suggestions, advice, 
information, office representation and similar facilities, and in addition a recognition of 
community of purpose that shall promote in the field of engineering research increasingly 
intimate relations between engineering and science. 

The reciprocal designation of the secretary of each of the bodies as an assistant secretary 
of the other for the purpose of enabling both bodies to have offices in both New York and 
Washington is favorably regarded, and the Foundation welcomes and gladly accepts the 
offered assistance of the Research Council in the national co-relations of the Engineering 
Research work of the Foundation to which the Foundation’s resources will be devoted. 


Extended discussion took place with regard to advisable means for bring- 
ing about a more co-ordinate effort among engineering interests with refer- 
ence to the Government. Upon invitation, Mr. C. A. Adams, Chairman of 
the General Engineering Committee of the Advisory Commission of the Coun- 
cil of National Defense, outlined plans already made for a general conference 
on this subject to be held in Washington on October 26, to which all of the 
national societies and special organizations interested in engineering work 
have been invited to send representatives. He stated that the National 
Research Council, its Engineering Committee and its Aeronautics Com- 
mittee have each been invited to appoint two representatives to attend this 
conference. ‘There followed further discussion in which Mr. Adams par- 
ticipated, concerning the engineering work of the Research Council, after 
which the Chairman of the Executive Committee was requested upon motion 
to appoint the six representatives of the Council to attend the conference on 
October 26, with the understanding that these conferees will meet in ad- 
vance to discuss and determine upon appropriate recommendations which 
may advisedly be made by them at the conference in question. ‘The follow- 
ing members of the Council were appointed as conferees; Messrs. Carty, 
Dunn, Durand, Noyes, Millikan and Pupin. 

The meeting adjourned at 1.10 p.m. 


The thirty-third meeting of the Executive Committee convened in the 
offices of the Council in the Munsey Building, Washington, D. C., on Satur- 
day, November 10, 1917, and was called to order at 10.10 a.m. by the Chair- 
man of the Committee, Mr. Carty. 

Present: Messrs. Bogert, Carty, Chittenden, Conklin, Dunn, Hale, Man- 
ning, Millikan, Noyes, Pearl and Pupin. Mr. Mendenhall was also present 
upon invitation. 

The minutes of the regular monthly meeting of the Committee of October 
10 were approved as prepared and distributed to members of the Committee. 

Record is made of the following actions which have taken place since the 
last meeting of the Committee: 
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1. That upon suggestion of the Chairman of the Council, Major General William M. 
Black has been appointed a member of the Council by the President of the National Academy 
of Sciences and has been designated by the President of the United States for such service. 
General Black has accepted such appointment and has furthermore been added to the mem- 
bership of the Military Committee. 

2. That leases of Rooms 304, 312, 313 and 314 in the Munsey Building have been taken 
for a period of ten months, beginning November 1, 1917, at the monthly rental of ninety- 
five dollars. 

3. The following have been appointed and have accepted appointment as members of 
the Botanical Raw Products Committee; Prof. H. M. Hall, Professor of Botany, University 
of California; Mr. Arthur D. Little, President of Arthur D. Little, Incorporated, Boston; 
and Dr. W. W. Stockberger, physiologist in charge of drug plant and poisonous plant investi- 
gations, U. S. Department of Agriculture. 

4. Upon request of the Chairman of the Chemistry Committee, record is made of the 
following additions to membership in the Sub-committee on Biochemistry: 

William J. Gies, Professor of Biochemistry, Columbia University; Lawrence J. Henderson, 
Assistant Professor of Biochemistry, Harvard University. 


Mr. Hale, upon invitation of the Chairman, stated that the primary pur- 
pose in calling the present meeting was to afford opportunity for necessary 
discussion relative to the development and organization of the Council. 

Upon request, Mr. Hale outlined proposed plans with regard to the develop- 
ment of the Council, and spoke at length concerning the possibility of obtain- 
ing financial assistance in its work. Extended discussion took place, em- 
phazising the important possibilities of the Council’s various fields of work, 
as indicated in a written statement presented by Mr. Hale. Upon motion of 
Mr. Noyes, it was voted that these preliminary plans, as submitted and out- 
lined by the Chairman of the Council, be substantially approved. 

Upon motion it was also voted that the duties of the Sub-committee of 
the Executive Committee, authorized at the last meeting of the Committee 
to consider and report with reference to questions of organization and Govern- 
mental relations, be increased by requesting this Sub-committee likewise to 
undertake careful consideration of plans which have been approved for the 
future development of the Council. This Sub-committee was thereupon 
appointed to consist of Mr. Hale, Chairman, and Messrs. Carty, Dunn, Milli- 
kan, Noyes, Pearl, Vaughan and Walcott. 

The meeting adjourned at 12.45 p.m. 

Cary T. Hutcuinson, Secretary. 


LIST OF PUBLICATIONS OF THE NATIONAL ACADEMY 
OE” SCIENCES 


From the year 1864 to date the National Academy of Sciences has pub- 
lished at various times Scientific Memoirs, Biographical Memoirs, Annual 
Reports, Proceedings, and Reports of Committees. The detailed list of 
titles, with the number of pages and the year of publication, is given below. 
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MEMOIRS OF THE NATIONAL ACADEMY OF SCIENCES 


VoLuME I. 1866 


Reduction of the observations of fixed stars made by Joseph LePaute D’Agelet, at 
Paris, in 1783-1785, with a catalogue of the corresponding mean places, referred to 
the Equinox of 1800.0. Benjamin APTHORP GouLD. Read January 8, 1864. Pp. 
1-261. ; 

The Saturnian system. BENJAMIN PEIRCE. Read January 8, 1864. Pp. 263-286. 

On the distribution of certain diseases in reference to hygienic choice of location 
for the cure of invalid soldiers. Aucustus A. GouLD. Read August 5, 1864. Pp. 
287-290. 

On shooting stars. H. A. Newton. Read August 6, 1864. Pp. 291-312. 

Rifled guns. W. H.C. BartLett. Read August 25, 1865. Pp. 313-343. 


VoLuME II. 1884 


Report of the eclipse expedition to Caroline Island, May, 1883. Pp. 5-146. 

Experimental determination of wave-lengths in the invisible prismatic spectrum. S. 
P. Lanctry. April, 1883. 4 plates. Pp. 147-162. 

On the subsidence of particles in liquids. Wirt1Am H. BREwerR. Read November 
15, 1883. Pp. 163-175. 

Upon the formation of a deaf variety of the human race. ALEXANDER GRAHAM BELL. 
Read November 13, 1883. Pp. 177-262. 


VotumeE III. (Part 1.) 1885 


The sufficiency of terrestrial rotation for the deflection of streams. G. K. GILBERT. 
Read April 15, 1884. Pp. 5-10. 

On the temperature of the surface of the Moon. From researches made at the Alle- 
gheny Observatory by S. P. LANGLEY, assisted by F. W. Very and J. E. KEELER. 
Read October 17, 1884. Plates 1-6. Pp. 11-42. 

On a method of precisely measuring the vibratory periods of tuning-forks, and the 
determination of the laws of the vibrations of forks; with special reference to these 
facts and laws to the action of a simple chronoscope. ALFRED M, Mayer. Plates 
1-4. Pp. 45-59. * 

The Baumé hydrometers. C. F. CHANDLER. Read at Philadelphia meeting, 1881. 
Pp. 61-71. 

On small differences of sensation. C.S. PErrcE and J. Jastrow. Read October 17, 
1884. Pp. 73-83. 

Description of an articulate of doubtful relationship from the Tertiary beds of Floris- 
sant, Colorado. SAMUEL H. ScuppER. Read April 20, 1882. Pp. 85-90. 

The structure of the columella auris in the Pelycosauria. E.D.Copr. Read Octo- 
ber 16, 1884. Pp. 93-95. 

On the structure of the brain of the sessile-eyed Crustacea. I. The Brain of Asellus 
and the eyeless form Cecidotea. A.S. Packarp. Plates 1-5. Pp. 97-110. 


VotumeE III. (Part 2.) 1886 


Contributions to meteorology. Eras Loomis. Plates 1-16. Pp. 5-66. 
On Flamsteed’s stars ‘‘observed, but not existing.”” C.H.F. PETERS. Read Novem- 
ber 11, 1885. Pp. 67-83. 
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Corrigenda in various star catalogues. C. H. F. Peters. Read November 12, 1885. 
Pp. 85-97. 

Ratio of meter to yard. C.B. Comstock. Read April 21, 1885. Pp. 99-102. 

On composite photography as applied to craniology. J.S.Biitrincs. And on measur- 

‘ ing the cubic capacity of skulls. Wassincton Matruews. Read April 22, 1885. 
20 plates. Pp. 103-116. 

On a new ‘craniophore for use in making composite photographs of skulls. J. S. 
Birtincs and WASHINGTON MatTTHEWs. Read November 12, 1885. 4 plates. 
Pp. 117-119. 

I. On the Syncarida, a hitherto undescribed synthetic group of extinct Malacos- 
tracous Crustacea. A. S. PACKARD. Read April 21, 1885. Plates 1-2. 
Pp. 121-128. 
II. On the Gampsonychide, an undescribed family of fossil Schizopod Crustacea. 
AON PACKARD, ‘Read April.21,.1885,.- Plate 3.) Pp. 129-133. 
III. Onthe Anthracaridae, a family of Carboniferous Macrurous Decapod Crustacea. 
A. S. PAcKarD. Read April 21, 1885. Plate opposite page 137, and Plate 4. 
Pp. 135-139. 

On the Carboniferous Xiphosurous fauna of North America. A. 5S. PackKARD. Read 
November 13, 1885. Plate opposite page 150, and Plates 5-7. Pp. 141-157. 

On two new forms of Polyodont and Gonorhynchid fishes from the Eocene of the Rocky 
Mountains. E. D. Cope. Read November 12, 1885. 1 Plate. Pp. 159-165. 

Notes on the Third Memoir, page 45, Part I. Atrrep M. Mayer. Pp. 167-169. 


VotumE IV. (Part i.) 1888 


The cave fauna of North America, with remarks on the anatomy of the brain and 

origin of the blind species. A. S. PACKARD. Read November 9, 1886. Plates 
1-27. Pp. 1-156. 

The solar and lunar spectrum. S. P. Lancrey. Read November 9, 1886. 6 Plates. 
Pp. 157-170. 

On the reduction of photographic observations, with a determination of the position 
of the Pleiades, from photographs by Mr. Rutherfurd. BENJAMIN APTHORP GOULD. 
Presented August 11, 1866. Pp. 171-190. 

Reduction of Se otoarapine observations of the Presepe. BENJAMIN APTHORP GOULD. 
Presented April 14, 1870. Pp. 191-199. 

Balance for determining specific gravities by inspection. F.A.P. Barnarp. 1 Plate. 
Pp. 201-205. 

Theory of magic squares and of magic cubes. F. A. P. BARNARD. Pp. 206-270. 


VotumE IV. (Part 2.) 1889 


Contributions to meteorology. Eras Loomis. Plates 17-32. Pp. 5-77. 

On the determination of elliptic orbits from three complete observations. J. WILLARD 
Gipss. Pp. 79-104. 

The temperature of the Moon. S. P. LANGLEY. Read November, 1887. Plates 1-26. 
Pp. 105-212. 

On the Lucayan Indians. W. K. Brooxs. Read November, 1887. Plates 1-12. 
Bp 213-222, 

VotumME V. 1891 


Energy and vision. S. P. LANGLEY. Read April 15, 1888. 4 Plates. Pp. 5-18. 

Contributions to meteorology. Eras Loomis. Plates 33-51. Pp. 19-109. 

Report of studies of atmospheric electricity. T.C. MENDENHALL. Read April 18, 
1889. Pp. 111-318. 
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The embryology and metamorphosis of the Macroura. W. K. Brooks and F. H. 
Herrick. Plates1-57. Pp. 319-576. 

On the application of interference methods to astronomical measurements. A. A. 
MicHetson. 7 Plates. Pp. 577-590. 


VotumME VI. 1893 


On the capture of comets by planets, especially their capture by Jupiter. H. A. New- 
TON. ME Ds p2oe 

A study on the relation of atmospheric electricity, magnetic storms, and weather ele- 
ments to a case of traumatic neuralgia. RoBERT CaTLIN. 7 Plates. Pp. 25-33. 

On certain new methods and results in optics. CHARLES S. Hastines. Pp. 35-47. 

The proteids or albuminoids of the oat kernel. THomas B. Ossorne. Presented 
November 13, 1890, and November 10, 1891. Pp. 49-87. 

A comparison of antipodal faunas. THEODORE Gitt. Read November, 1887. Pp. 
89-124. 

Families and sub-families of fishes. THEODORE GILL. Pp. 125-138. 

Human bones of the Hemenway Collection in the United States Army Medical Museum 
Dr. WASHINGTON MATTHEWS. With observations on the Hyoid bones of this collec- 
tion. Dr. J.L.Worrman. Reports presented to the National Academy of Sciences, 
with approval of the Surgeon-General of the United States Army. Dr. J. S. 
Bituincs. Plates 1-59. Pp. 139-286. 

Further studies on the brain of Limulus Polyphemus, with notes on its embryology. 
ALPHEUS S. PACKARD. Plates 1-36. Pp. 287-331. 


VotumME VII. 1895 


Monograph of the Bombycine moths of America, north of Mexico, including their 
transformations and origin of the larval markings and armature. Part I. Family 
I. Notodontiade. ALPHEUS S. PAcKARD. Plates 1-49, Maps 1-10. 1895. 
Pp. 3-390. 

On reaction-times and the velocity of the nervous impulse. J. MCKEEN CATTELL and 
CHARLES S. DoLLtEy. Presented at Albany meeting, 1893. Pp. 391-415. 

The bacteria of river waters. JOHN S. Biriincs. Including a paper on the bacteria 
of the Schuykill River, by J. H. Wricut, and Appendix by Dr. O_tmstEap. Plates 
1-5, Diagrams 1-5. Pp. 417-484. 


VotumeE VIII. 1902 


Notes on the bacteriological examination of the soil of Philadelphia. MazyYcx P. 
RAVENEL. 4 Plates. 1896. Pp. 1-41. 

A contribution to the study of the effect of the venom of Crotalus Adamanteus upon 
the blood of man and animals. S. Werr MitcHELL and Atonzo H. STEWART. 
Plates 1-6. 1898. Pp. 43-56. 

General perturbations of Minerva (93), by Jupiter, including terms only of the first 
order with respect to the mass, together with a correction of elements. W.S. EICHEL- 
BERGER. 1899. Pp. 57-77. 

Ophiura Brevispina. W. K. Brooxs and CASwELL GrRAve. Plates 1-3. 1899. 
Pp. 79-100. 

Anatomy of Nautilus Pompilius. LAwRENCE Epmonps GrirFiIn. Plates 1-17. 1900. 
Pp. 101-230. 

An experimental inquiry regarding the nutritive value of alcohol. W. O. ATWATER 
and F. G. Benepict. 1902. Pp. 231-397. 

West Indian Madreporarian Polyps. J. E. Durerpen. Plates 1-25. 1902. Pp. 
399-648. 
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VoLumME IX. 1905 


Monograph of the Bombycine moths of North America, including their transformations and 
origin of the larval markings and armature. Part II. Family Ceratocampide, 
subfamily Ceratocampine. ALPHEUS SPRING Packarp. Plates 1-61. 1905. 
Pp. 1-272. 

VotumE X. 1911 


1. The absolute value of the acceleration of gravity determined by the ring-pendulum 
method. CHARLES E. MENDENHALL. Plates 1-3. 1905. Pp. 1-23. 

2. Claytonia gronov. A morphological and anatomical study. THEoporRE How. 
Plates 1-2. 1905. Pp. 25-37. 

3. A research upon the action of alcohol upon the circulation. Horatio C. Woop and 
DaniEt M. Hoyt. Plates 1-3. 1905. Pp. 39-70. 

4. Phoronis architecta: Its life history, anatomy, and breeding habits. Wurtt1AM KEITH 
Brooks and REINART PARKER Cowets. Plates 1-17. 1905. Pp. 71-148. 

5. The affinties of the pelagic tunicates. No. 1. On a new Pyrosoma (Dipleurosoma 
elliptica). Wuttram KerrH Brooks. Plates 1-2. 1906. Pp. 149-156. 

6. Commelinacece. Morphological and anatomical studies of the vegetative organs of 
some North and Central American species. THEODORE Horm. Plates 1-8. 1906. 
Pp. 157-192. 7 

7. Tables of minor planets discovered by James C. Watson. Part I. Tables of (93) 
Minerva, (101) Helena, (103) Hera, (105) Artemis, (115) Thyra, (119) Althaea, 
(128) Nemesis, (133) Cyrene, (139) Juewa, (161) Athor, (174) Phaedra, (179) Klytaem- 
nestra. With the assistance of R. T. CRAWFORD, FRANK Ross, Burt L. NEWKIRK, 
ADELAIDE M. Hose, ESTELLE GLANcy, and others. Being in part a continuation 
of previous investigations by E. Brckrer, W. S. EICHELBERGER, WILLIAM Mc- 
Knicut Ritter, and G. K. LAwron. ARMIN O. LEUSCHNER. 1910, Pp. 193-374 


VoLtuME XI. 1913 


Agave in the West Indies. WrttiAmM TRELEASE. Plates A-E, 1-116. 1913. Pp. 3-298 


VotumMeE XII. (Partl.) 1914 


1. Monograph of the Bombycine moths of North America, including their transformations 
and origin of the larval markings and armature. Part III. Families Ceratocampidae 
(exclusive of Ceratocampinae), Saturniidae, Hemileucidae, and Brahmaeidae. At- 
PHEUS SPRING PACKARD, edited by THEopoRE D. A. COCKERELL, being a continua- 
tion of previous investigations published as Volume VII (First Memoir) and Volume 
IX (Second Memoir) of the Memoirs of the National Academy of Sciences. Plates 
1-113. 1914. Pp. 1-516. 


VoLUME XII. (Part 2.) 1915 


2. The variations and ecological distribution of the snails of the genus Io. CHarRLES C. 
Apams. Plates 1-61. Pp. 1-184. 
3. The turquoise. A study of its history, mine‘alogy, geology, ethnology, archaeology, 
mythology, folklore, and technology. JosEpH E. Pocur, Ph.D., Plates 1-22. 1915. 
Pp. 1-206. 
VotumeE XIII. 1915 


1. Catalogue of the meteorites of North America, to January 1, 1909. OLiverR CUMMINGS 
FARRINGTON. Plates 1-36. 1915. Pp. 1-513. 
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VoLUME XIV 


1. Report on researches on the chemical and mineralogical composition of meteorites, 
with especial reference to their minor constituents. GEORGE PERKINS MERRILL, 
1916. Pp. 1-29. 


BIOGRAPHICAL MEMOIRS 
VoLuME I. 1877 


Joseph Stillman Hubbard, 1823-1863. B.A. Goutp. Read August 5, 1864. Pp. 1-34. 

Joseph Gilbert Totten, 1788-1864. J. G. Barnarp. Read January 6, 1866. Pp. 35-97. 

Benjamin Silliman, Sr., 1779-1864. Azexis CASWELL. Read January 25, 1866. Pp. 
99-112. 

Edward Hitchcock, 1793-1864. J. P. Lestry. Read August 9, 1866. Pp. 113-134. 

James Melville Gillis, 1811-1865. Brnyjamin AprHorP GouLp. Read January 26. 1866. 
Pp. 135-179. 

Alexander Dallas Bache, 1806-1867. JosrpH HENRY. Read April 16, 1869. Pp. 181-212d. 

John H. Alexander, 1812-1867. J. E. Hmtcarp. Read April 18, 1872. Pp. 213-226. 

William Chauvenet, 1820-1870. J. H. C. Corrin. Read April 16, 1873. Pp. 227-244. 

John Fries Frazer, 1812-1872. JoHN L. LeEContTE. Read October 22, 1873. Pp. 245-256. 

James Henry @offin, 1806-1873. A. Guyot. Read April 24, 1874. Pp. 257-264. 

John Torrey, 1796-1873. Asa Gray. Read April 15, 1873. Pp. 265-276. 

William Starling Sullivant, 1803-1873. Asa Gray. Read April 22, 1875. Pp. 277-285. 

Joseph Saxton, 1799-1873. JoszpH HENRY. Read October 4, 1874. Pp. 287-316. 

Henry James Clark, 1826-1873. A.S. PackarpD, Jr. Read April 23, 1874. Pp. 317-328. 

Joseph Winlock, 1826-1875. JosrpH LovERING. Read April 19, 1876. Pp. 329-343. 


VoLuME II. 1886 


Theodore Strong, 1790-1869. JosEpH P. BRADLEY. Read April 17, 1879. Pp. 1-28. 

Dennis Hart Mahan, 1802-1871. Henry L. ABBot. Read November 7, 1878. Pp. 29-37. 

Louis Agassiz, 1807-1873. ARNotp Guyot. Read April, 1878. Pp. 39-73. 

Jeffries Wyman, 1814-1874. A. S. Packarp. Read April 18, 1878. Pp. 75-126. 

Jared Potter Kirtland, 1793-1877. J.S. NewBerry. Read April 18, 1879. Pp. 127-138. 

Samuel Stedman Haldeman, 1812-1880. J. P. LestEy. Read November 16, 1881. Pp. 
139-172. 

Gouverneur Kemble Warren, 1830-1882. HrNnry L. ABBot. Read April 17, 1884. Pp. 
173-188. 

William A. Norton, 1810-1883. W.P. Trowxprwce. Pp. 189-199. 

Andrew Atkinson Humphreys, 1810-1883. Henry L. ApBot. Read April 24, 1885. Pp. 
201-215. 

John Lawrence Smith, 1818-1883. BrnyamIn SILLIMAN. Read April 17, 1884. Pp. 
217-248. 

Stephen Alexander, 1806-1883. C.A.Younc. Read April 17 , 1884. Pp. 249-259. 

John Lawrence Le Conte, 1825-1883. SamurEL H. ScupDER. Read April 17, 1884. Pp. 
261-293. 

Joseph Janvier Woodward, 1833-1884. J. S. Bmrrincs. Read April 22, 1885. Pp. 295— 
307. 

Arnold Guyot, 1807-1884. James D. Dana. Read April 21, 1886. Pp. 309-347. 

John William Draper, 1811-1882. Grorcr F. Barker. Read April 21, 1886. Pp. 349- 
388. 

VotumeE III. 1895 


William Barton Rogers, 1804-1882. Francis A. WALKER. Read April, 1887. Pp. 1-13. 
Edward Tuckerman, 1817-1886. W.G. Farrow. Read April, 1887. Pp. 15-28. 
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Iedward B. Hunt, 1822-1863. F.A.P. BARNARD. Read August, 1864. Pp. 29-41. 

James Craig Watson, 1838-1880. GrorcE C. Comstock. Read April, 1888. Pp. 43-57. 

James Buchanan Eads, 1820-1887. WutttamM SELLERS. Read April, 1888. Pp. 59-79. 

Henry Draper, 1837-1882. GrorcE F. BARKER. Read April 18, 1888. Pp. 81-139. 

Spencer Fullerton Baird, 1823-1887. Joun S. Bitt1ncs. Read April 17, 1889. Pp. 141- 
160. 

Asa Gray, 1810-1888. W.G. Fartow. Read April 17, 1889. Pp. 161-175. 

John Call Dalton, 1825-1889. S. Wrerr MitcHett. Read April 16, 1890. Pp. 177-185. 

Leo Lesquereux, 1806-1889. J. P. Lestry. Read April 16, 1890. Pp. 187-212. 

Elias Loomis, 1811-1889. H. A. Newton. Read April 16, 1890. Pp. 213-252. 

Jonathan Homer Lane, 1819-1880. CLEVELAND ABBE. Read April, 1892. Pp. 253-264. 

William Ferrel, 1817-1891. CLEVELAND ABBE. Read April, 1892. Pp. 265-309. 

Montgomery Cunningham Meigs, 1816-1892. Henry L. ABBot. Read April, 1893. Pp. 
311-326. 

James Erasmus Hilgard, 1825-1890. E. W. Hitcarp. Read April, 1893. Pp. 327-338. 

Amos Henry Worthen, 1813-1888. CHARLES A. WHITE. Read November, 1893. Pp. 
339-362. 

William P. Trowbridge, 1825-1892. C.B. Comstock. Read November, 1893. Pp. 363- 
367. 

John Le Conte, 1818-1891. JosEpH Le Conte. Read April, 1894. Pp. 369-393. 

Ferdinand Vandiveer Hayden, 1839-1887. CHarLES A. WHITE. (With portrait). Read 
November, 1894. Pp. 395-413. 

Lewis Morris Rutherfurd, 1816-1892. B.A. Goutp. Read April, 1895. Pp. 415-441. 


VoLuME IV. 1902 


George Engelmann, 1809-1884. CHARLES A. WHITE. Read April, 1896. Pp. 1-21. 

Charles Henry Davis, 1807-1877. C.H. Davis. Read April, 1896. Pp. 23-55. 

James Edward Oliver, 1829-1895. G. W. Hitt. Read April, 1896. Pp. 57-74. 

Fielding Bradford Meek, 1817-1876. CHartes A. Waite. Read November, 1896. Pp. 
75-91. 

Charles Edouard Brown-Séquard, 1817-1894. H. P. Bowpitcu. Read April, 1897. Pp. 
93-97. 

Hubert Anson Newton, 1830-1896. J. WmLarp Grpps. Read April, 1897. Pp. 99-124. 

Thomas Lincoln Casey, 1831-1896. Hrnry L. ApBot. Read April, 21, 1897. Pp. 125- 
134, 

George Hammell Cook, 1818-1889. G. K. Girpert. Read April 21, 1897. Pp. 135-144. 

George Brown Goode, 1851-1896. S. P. LANcLtEy. Read April 21, 1897. Pp. 145-174. 

Josiah Parsons Cooke, 1827-1894. CuHartes L. Jackson. Pp. 175-183. 

William Augustus Rogers, 1832-1898. Epwarp D. Mortry. Read November, 1899. 
Pp. 185-199. 

Frederick Augustus Genth, 1820-1893. (With portrait.) Grorcre F. BARKER. Read 
November 12, 1901. Pp. 201-231. 

John Newton, 1823-1895. Cyrus B. Comstock. Read November 13, 1901. Pp. 233-240. 


VotumME V. 1905 


Joseph Henry, (1797-1878). (With portrait.) Smon Newcoms. Read April 21, 1880. 
Pp. 1-45. 

John Edwards Holbrook, 1794-1871. (With portrait.) Taroporre Grit. Read April 22, 
1903. Pp. 47-77. 

Louis Francois de Pourtalés, 1824-1880. (With portrait.) ALEXANDER AGAssiz. Read 
April 22, 1881. Pp. 79-89. 
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Augustus Addison Gould, 1805-1866. (With portrait.) Jerrrizs WYMAN. With additions 
by Witi1Am HeEatey Dar. Read April 22, 1903. Pp. 91-113. 

Henry Augustus Rowland, 1848-1901. (With portrait.) Tuomas C. MENDENHALL. Read 
April 23, 1903. Pp. 115-140. 7 

Theodore Lyman, 1833-1897. (With portrait.) H. P. Bowprrcu. Read April 23, 1903. 
Pp. 141-153. 

Matthew Carey Lea, 1823-1897. (With portrait.) Grorcr F. Barker. Read April 21, 
1903. Pp. 155-208. 

Francis Amasa Walker, 1840-1897. (With portrait.) Joun S. Bririncs. Read April 17, 
1902. Pp. 209-218. 

John Gross Barnard, 1815-1882. (With portrait.) Henry L. Appot. Read April 17, 

1902. Pp. 219-229. 

James Edward Keeler, 1857-1900. (With portrait.) CHartes S. Hastines. Read April 
23, 1903. Pp: 231-246. 

James Hadley, 1821-1872. (With portrait.) Artuur Twrntnc Hapiey. Read April 21, 
1904. Pp. 247-254. 

Henry Barker Hill, 1849-1903. (With portrait.) CHAR~ES Lorinc Jackson. Read 
April 21, 1904. Pp. 255-266. 

Sereno Watson, 1820-1892. (With portrait.) Wriam H. Brewer. Read November 
17, 1903. Pp. 267-290. 

Robert Empie Rogers, 1813-1884. (With portrait.) EpGar Fans SuitH. Read Novem- 
ber 15, 1904. Pp. 291-309. 


VotumE VI. 1909 


John Strong Newberry, 1822-1892. (With portrait.) CHartes A. Ware. Read April 
17,1902. Bp: 1-24. 

Clarence King, 1842-1901. (With portrait.) SAmuEL FRANKLIN Emmons. Read April 
23,1903. Sep. 25-55: 

Charles Emerson Beecher, 1856-1904. (With portrait.) Wmt1am Hratey Dati. Read 
November 16, 1904. Pp. 57-70. 

George Perkins Marsh, 1801-1882. (With portrait.) Witt1am M. Davis. Read April 
18, 1906. Pp. 71-80. 

John Rodgers, 1812-1882. (With portrait.) AsapH HALL. Read April 18,1906. Pp. 81-92. 

Fairman Rogers, 1833-1900. (With portrait.) EDGAR F. SmirH. Read November 22, 
1906. Pp. 93-107. 

William Augustus Rogers, (1832-1898). (With portrait.) Part II. ArtHur SEARLE. 
(Astronomical work of Rogers). Part I of biography published in Volume IV, Bio- 
graphical Memoirs, pp. 185-199). Pp. 109-117. 


Samuel Lewis Penfield, 1856-1906. (With portrait.) Horace L. Wetts. Read April 18, 


1907. Pp. 119-146. 

Joseph Le Conte, 1823-1901. (With portrait.) EuceNne W. Hitcarp. Read April 18, 
1907. Pp. 147-218. 

Lewis Henry Morgan, 1818-1881. (With portrait.) W. H. Hormes. Read November 
20, 1907. Pp. 219-239. 

Asaph Hall, 1829-1907. (With portrait.) GrorcE Wi~tiAm Hitt. Read April 23, 1908. 
Pp. 241-309. 

Alpheus Hyatt, 1838-1902. (With portrait.) Wurt1am Keira Brooxs. Read April 23, 
1908)" Pp.7311-325. % 

Joseph Lovering, 1813-1892. (With portrait.) B. Oscoop Prrrce. Read November 18, 
1908. Pp. 327-344. 


William More Gabb, 1839-1878. (With portrait.) Wut~t1am H. Dati. Read November 


18, 1908. Pp. 345-361. 


—_— > 
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Alexis Caswell, 1799-1877. (A reprint.) (With portrait.) JosrepH Loverinc. Pp. 363- 
Si2: | 

Josiah Willard Gibbs, 1839-1903. (With portrait.) CHARLES S. Hastincs. Read Novem- 
ber, 1909. Pp. 373-393. 

Elliott Coues, 1842-1899. (With portrait.) J. A. AtteN. Read April, 1909. Pp. 395- 
446. 

Ogden Nicholas Rood, 1831-1902. (With portrait.) Epwarp L. Nicuors. Read April, 

1909. Pp. 447-472. 
VotumE VII. 1913 


Wolcott Gibbs, 1822-1908. (With portrait.) F.W.Ciarke. Published February, 1910. 
Pp. 1-22. | 

William Keith Brooks, 1848-1908. (With 2 portraits.) EpwIn GRANT CONKLIN. Read 
at the Autumn meeting, 1909. Pp. 23-88. 

Charles Augustus Young, 1834-1908. (With portrait.) Epwin B. Frost. Read at the 
Autumn meeting, 1909. Pp. 89-114. : 

Benjamin Silliman, 1816-1885. (With portrait.) ARTHUR W. WricHtT. Read at the 
April meeting, 1911. Pp. 115-141. 

James Hammond Trumbull, 1821-1897. (With portrait.) ARTHUR W. WricHuT. Read at 
the April meeting, 1911. Pp. 143-169. 

William H. C. Bartlett, 1804-1893. (With portrait.) Epwarp S. Hotpen. Read at the 
April meeting, 1911. Pp. 171-193. 

Cyrus Ballou Comstock, 1831-1910. (With portrait.) Hrnry L. ABspot. Read at the 
April meeting, 1911. Pp. 195-201. 

Samuel William Johnson, 1830-1909. (With portrait.) THomas B. OsBorNE. Read at 
the April meeting, 1911. Pp. 203-222. 

Charles Abiathar White, 1828-1910. (With portrait.) Wirr1am H. Dati. Read at the 
April meeting, 1911. Pp. 223-243. 

Samuel Pierpont Langley, 1834-1906. (With portrait.) CHArtEs D. Watcotr. Read 
at the Autumn meeting, 1911. Pp. 245-268. 

Charles Otis Whitman, 1842-1910. (With portrait.) EpwArp S. Morse. Read at the 
Annual Meeting, 1912. Pp. 269-288. 3 

Alexander Agassiz, 1835-1910. (With portrait.) Grorcr LINcoLN GooDALE. Read at 
the Annual meeting, 1912. Pp. 289--305. 

Samuel Franklin Emmons, 1841-1911. (With portrait.) Arnotp Hacur. Read at the 
Annual meeting, 1912. Pp. 307-334. 

Joseph Leidy, 1823-1891. (With portrait.) Henry FarrFIELD OsBorNn. Read at the 
Annual meeting, 1912. Pp. 335-396. 


VoLuME VIII 


John Huntington Crane Coffin, 1815-1890. (With portrait.) Grorcre C. Comstock. 
Presented at the Annual Meeting, 1913. Pp. 1-7. 

John Wesley Powell, 1834-1902. (With portrait.) W. M. Davis. Presented at the 
Autumn meeting, 1913. Pp. 11-83. 

Charles Anthony Schott, 1826-1901. (With portrait.) CLEVELAND ABBE. Presented at 
the Annual Meeting, 1914. Pp. 87-133. 

Miers Fisher Longstreth, 1819-1891. (With portrait.) ReBreccaA C. LoNcsTRETH. Pre- 
sented at the Annual Meeting, 1914. Pp. 137-140. 

Henry Morton, 1836-1902. (With portrait.) Epwarp L. Nicuoxs. Presented at the 
Annual Meeting, 1914. Pp. 143-151. 

Peter Lesley, 1819-1903. (With portrait.) W. M. Davis. Presented at the Autumn 
Meeting, 1913. Pp. 155-240. 
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Alfred Marshall Mayer, 1836-1897. (With portrait.) Atrrep G. MAYER and RosBert S 
Woopwarp. Presented at the Autumn Meeting, 1915. Pp. 243-272. 

George William Hill, 1838-1914. (With portrait.) Ernest W. Brown. Presented at the 
Annual Meeting, 1915. Pp. 275-309. 

Theodore Nicholas Gill, 1837-1914. (With portrait.) Wwutram HrEatey Dat. Pre- 
sented at the Annual Meeting, 1915. Pp. 313-343. 

Edward Singleton Holden, 1846-1914. (With_portrait.) W.W. CAMPBELL. Presented at 
the Annual Meeting, 1916. Pp. 347-372. 

John Shaw Billings, 1838-1913. (With portrait.) S. Wertr MitcHett. With The Scien- 
tific Work of John Shaw Billings, by Fietpinc H. Garrison. Presented at the An- 
nual Meeting, 1916. Pp. 375-416. 


PROCEEDINGS 


Volume I. 1896. 8°. Pp. 1-406. Part 1. Pp. 1-120. Published 1877. Part 2. Pp. 
* 121-240. Published 1886. Part 3. Pp. 241-406. Published 1896. 

Volume 1. 1915. Pp. xii + 645. 

Volume 2. 1916. Pp. xiii + 760. 

Volume 3. 1917. Pp. xiv + 767. 


REPORTS OF COMMITTEES 


(Report on the question of the value of the water-proofing process employed in the manu- 
facture of the fractional currency.) In House Misc. Doc. no. 163, part 2, 44th Con- 
gress, lst Session, pp. 22-28. April 3, 1876. 

Forty-fifth Congress, 3rd Session, House of Representatives Misc. Doc. no. 5. Surveys of 
the Territories. Letter from the Acting President of the National Academy of 
Sciences, transmitting a report on the surveys of the Territories. Ordered printed, 
December 3, 1878. 8°. Pp. 1-27. 

Forty-seventh Congress, 2d Session. Senate Misc. Doc. no. 51. National Academy of 
Sciences. Investigation of the scientific and economic relations of the sorghum 
sugar industry, being a report made in response to a request from the Hon. George 
B. Loring, U. S. Commissioner of Agriculture, by a committee of the National Acad- 
emy of Sciences. November, 1882. Washington: Government Printing Office. 
1883.9°8 2) pei lo2; 

United States Internal Revenue. Report on glucose, prepared by the National Academy of 
Sciences, in response to a request made by the Commissioner of Internal Revenue. 
Washington: Government Printing Office. 1884. 8°. Pp. 1-108. 

Report of committee of National Academy of Sciences concerning classification of Donskoi 
wool, January 30, 1886. 1886. Treasury Department Doc. no. 805. 

Forty-ninth Congress, 1st Session. Senate, Ex. Doc. no. 67. Letter from the Secretary of 
the Navy, transmitting, in compliance with the Senate resolution, February 2 , 1886, 
report of the National Academy of Sciences upon the proposed new Naval Observa- 
tory. Ordered printed, February 10, 1886. 


(Report on the organization of the National Surveys and the Signal Service.) In Senate 


Misc. Doc. no. 82, 49th Congress, 1st Session. Pp. 1-37. Ordered printed, March 
16, 1886. 1886. 

National Academy of Sciences. Standards for Electrical Measure, February 20, 1895. 
Printed for the Academy. Washington: Judd & Detweiler, Printers. 1895. 8°. Pp. 1-9. 

Fifty-third Congress, 3rd Session. Senate, Misc. Doc. no. 115. Report of the National 
Academy of Sciences, made in compliance with a requirement of the law (H. R. 6500) 
entitled ‘‘an act to define and establish the units of electrical measure,” approved 
July 12, 1894. Ordered printed, le ebruary 19, 1895. 
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Report of the committee appointed by the National Academy of Sciences upon the inaugu- 
ration of a forest policy for the forested lands of the United States to the Secretary 
of the Interior, May 1, 1897. Washington: Government Printing Office. 1897. 
Pp. 1-47. 

Fifty-eighth Congress, 3d Session. Senate Doc. no. 145. Report by committee appointed 
by Academy to consider desirability of instituting scientific explorations of Philip- 
pine Islands. Pp. 1-22. 8°. Ordered printed, February 7, 1905. 

Sixtieth Congress, 2d Session. House of Representatives, Doc. no. 1337. Conduct of 
scientific work under United States Government. Message from the President of 
the United States, transmitting report of the National Academy of Sciedces relating 
to the conduct of the scientific work under the United States Government. Pp. 
1-5. 8°. Ordered printed, January 18, 1909. 


ANNUAL REPORTS 


For Year Pages Printed For Year Pages Printed For Year Pages Printed 
1863 118 1864 1881 1899 39 1900 
1864 15 1865 1882 1900 37 1901 
1865 1883 145 1884 1901 39 1902 
1866 95 1867 1884 69 1885 1902 41 1903 
1867 44 1868 1885 101 1886 1903 39 1904 
1868 1886 1904 bil 1905 
1869 1887 30 1888 1905 41 1906 
1870 1888 41 1890 1906 43 1907 
1871 1889 69 1891 1907 40 1908 
1872 1890 36 1891 1908 111 1909 
1873 1891 39 1892 1909 43 1910 
1874 1892 39 1893 1910 48 1911 
1875 1893 47 1895 1911 55) 1912 
1876 1894 43 1895 1912 54 1913 
1877 1895 Si 1896 1913 U1 1914 
1878 ZS 1879 1896 39 1897 1914 90 1915 
1879 22 1880 1897 93 1898 1915 74 1916 


1880 , 1898 33 1899 1916 94 1917 


REPORT OF THE AUTUMN MEETING 
Prepared by the Home Secretary 


The Autumn Meeting of the Academy was held in the Engineering Building 
of the University of Pennsylvania at Philadelphia, on November 20 and 21, 
£917. . 

Fifty-five members were present as follows: Messrs. C. G. Abbott, Bailey, 
Bogert, Carty, F. W. Clarke, J. M. Clarke, Conklin, Coulter, Cross, Daven- 
port, Day, Donaldson, Farlow, Flexner, Hale, E. H. Hall, Halsted Harper, 
Harrison, Holmes, Howard, Howe, Howell, Iddings, Jennings, Kasner, Leusch- 
ner, Levene, Loeb, Lusk, Mayer, Meltzer, Mendel, Millikan, Morgan, E. S. 
Morse, E. L. Nichols, A. A. Noyes, H. F. Osborn, Pearl, Pupin, Reid, 
Schlesinger, Scott, Alexander Smith, Edgar F. Smith, Erwin F. Smith, Strat- 


ton, Thomson, Thorndike, Walcott, Welch, Wheeler, David White, H. S. 
White, and Wilson. 
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BUSINESS SESSIONS 


The President announced the following deaths since the last Annual Meet- 
ing of the Academy: Arnold Hague, elected 1885, died May 15, 1917; J. M. 
Crafts, elected 1872, died June 21, 1917; William B. Clark, elected 1908, died . 
July 27 ,1917, and Franklin P. Mall, elected 1907, died November 17, 1917; 
also Adolf von Baeyer, Foreign Associate, elected 1898, died August, 1917. 

The President also announced the assignment of the following biographical 
memoirs: Arnold Hague to J. P. Iddings; William Bullock Clark to John M. 
Clarke; and Franklin P. Mall to R. G. Harrison. 

Under the rules of the Academy the following members of the Editorial 
Board of the PROCEEDINGS retire December 1, 1917; E. G. Conklin, C. B. Dav- 
enport, E. B. Frost, W. H. Holmes, and E. H. Moore. The Home Secretary 
announced that the following members had been appointed by the Council to 
serve in their places until December 1, 1920: Jacques Loeb, W. M. Wheeler, 
E. B. Frost, E.L. Thorndike, and E.H. Moore. E.B. Wilson was reappointed 
Managing Editor for one year. 

The President appointed an Auditing Committee consisting of C. G. Abbot, 
chairman, W. F. Durand, and A. L. Day. 

Considering the request of Mr. Julius Stieglitz, member for the United States 
of the International Commission on Annual Tables of Constants and Numeri- 
cal Data, asking on behalf of the Commission for a continuation of the support 
of the Academy in the publication of the tables under the patronage of the 
International Association of Academies, the following grant was approved: 


That a grant of $200, or such portion of it as may be approved by the President and For- 
eign Secretary, be made from the general funds of the Academy as a subvention in support 
of the annual tables of constants published under the patronage of the International Associa- 
tion of Academies. 


The following minute from the Council relating to the development of a 
Section of Engineering was approved: 


It was the sense of the Council that the Home Secretary be requested to obtain suggestions 
from members of the Academy of names of engineers to be considered by the Council for 
nomination at the next annual meeting. 


Considering a communication from the American Association of Univer- 
sity Professors, requesting codperation in the classification of scientific men 
for war service, the following recommendations were adopted by the Academy 
and forwarded to the Secretary of Wart: 


The National Academy of Sciences, being convinced that such action is absolutely neces- 
sary for the successful prosecution of the war, urges that the privilege of enlistment granted 
to the medical profession, including students and internes, under orders of the War Depart- 
ment, Office of the Surgeon-General, dated September 4, 1917, if not already provided for by 
the intended interpretation of the new classification of drafted men, be expanded to embrace 
men in the following scientific professions, including junior, senior and graduate students in 
educational or research institutions, so that all such men may be privileged to enroll in the 


@ 
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appropriate Reserve Corps or in such branch of the service as in your judgment will enable 
them to make their special knowledge and training of greatest use to their country: 


Agriculturists Civil Engineers Pathologists 

Anatomists Electrical Engineers Physicists 

Astronomers Geologists Physiologists 
Bacteriologists - Mechanical Engineers Psychologists 

Biologists Metallurgical Engineers ~ Zoologists 

Botanists Meteorologists Experts in Public Health, 
Chemists Mining Engineers Hygiene and Sanitation. 


Chemical Engineers 

The Academy recommends that, pending the working out of the details requisite for the 
establishment of ‘these privileges, the professional men affected by the same be placed in 
Class III of the new classification of drafted men. 

The purpose of the establishment of the Academy by special act of Congress, as stated in 
its charter, was to create an organization whose duty it should be to advise the Government 
on scientific matters. It would be recreant to this duty, therefore, if it failed to point out 
the urgent need of the action recommended above, and to express its firm conviction that to 
win this war our scientifically trained men must be used to do the work which they alone 
can do. The inclusion of such men in Class I of the new draft classification would result in 
a wholly disproportionate loss of national efficiency in comparison with the size.of the army 
so created. Of the many grievous losses sustained by our Allies, the one felt most keenly, 
according to their own oft-repeated statements, is that of the scientific men who went to the 
front at the first call, and laid down their lives there. 

These recommendations are prompted by the following further considerations: 

1. The failure of many of the District Boards created by the selective draft legislation, fa 
recognize the necessity of retaining these scientific men for the kind of work for which they 
have been especially trained. 

2. The retention of many scientific men as privates in the training camps of the national 
army, who it is believed could render much more valuable service to their country if employed 
in the lines of their special profession. 

3. The eager patriotism of our university men has led large numbers to enlist in the rank 
and file of our Army and Navy, and has correspondingly thinned the ranks of students, 
teachers and investigators. There i is immediate danger that without specific provision to 
the contrary, the Universities will lack the teachers and students necessary to insure a steady 
flow of new effectives to the industrial and military fronts. 

4, Many industrial establishments now of the utmost importance for the security and de- 
fense of our country, are seriously impeded in their work by the fact that numbers of their 
highly trained scientists already have either been drafted, or have volunteered for service and 
sought commissions for fear that they would be drafted and assigned to military duties of 
such a character as would not enable them to render to their country the greatest service of 
which they were capable. The result of this has been to reduce the working force of scien- 
tists in such establishments to the point where, unless further withdrawals are made with the 
“greatest care, many of these plants will have to close their doors and go out of business. 

It is respectfully urged that professional students be instructed to enlist in the appropriate 

Reserve Corps of the service, with the privilege of furlough for the completion of their train- 
ing, similar to that adopted to secure the most efficient service of the medical men, and 
that this opportunity be granted only to men of proven ability. Students, teachers, and re- 
search men should be given the opportunity of enlistment with the privilege of furlough or 
discharge subject to the recommendations of the presidents of the institutions concerned. 
For others, the decision should rest with the authorities designated by the Secretary of War. 

In case the Academy can be of assistance in working out any of the details involved in the 
foregoing recommendations, it will esteem it both an honor and a patriotic duty to cooperate 
with whomsoever you may designate. 
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The following amendment to the constitution reported from the Council 
and returned to the Academy from the Committee of the Whole with favor- 
able recommendation was adopted: 


That the Academy shall hold one stated meeting, called the Annual Meeting, in April of 
each year in the city of Washington, and another stated meeting, called the Autumn Meet- 
ing, at a place to be determined by the Council. The Council shall also have power to fix 
the date of each meeting. 


The following rule recommended by the Council from the Annual Meeting 
(April, 1917) was adopted: 


The annual meeting of the Academy shall begin on the fourth Monday of April. 


The Committee of the Whole, upon recommendation of the Council, con- 
sidered the following amendment to the constitution and reported it for fav- 
orable action by the Academy at the annual meeting in 1918: 

That the constitution be amended by substituting in Article IT, Section 1, line 3 (Report, 
1916) the word four for the word six so that it willread . . . foratermof four years 


to take effect on the expiration of the term of office of the present incumbents or in 
case of a vacancy. 

Article II, Section 1, when amended to read: Section 1. The officers of the Academy shall 
be a president, a vice president, a foreign secretary, a home secretary, and a treasurer, all of 
whom shall be elected for a term of four years (line 3 in Report, 1916) by a majority of votes 
present, at the first stated meeting after the expiration of the current terms, provided that 
existing officers retain their places until their successors are elected. In case of a va- 
cancy, the election for four years shall be held in the same manner at the meeting when such 
vacancy occurs, or at the next stated meeting thereafter, as the Academy may direct. A 
vacancy in the office of treasurer or home secretary may, however, be filled by appointment 
of the president of the Academy until the next stated meeting of the Academy. 


The following motion relating to the administration of the Watson Fund 
adopted at the Business Session of April 16, 1917, which was found to conflict 
with a clause in the will of James Craig Watson, was rescinded: 


That the trustees of the Watson Fund be authorized to act for the Academy in the approval 
of grants and to report such action to the Academy at the next stated meeting. 


Under business from the Council a statement of the financial condition of 
the PROCEEDINGS was laid before the Academy in considerable detail. To 
meet the anticipated deficit of $5000 in the conduct of the PROCEEDINGS to 
July 1, 1918, Mr. Pupin announced that three members of the Academy had 
agreed to be responsible for one’ half of this sum. The Chairman of the Fi- 
nance Committee, Mr. Davenport, reported that his commitee had raised 
$1100 for the same purpose. After discussion by the President, the Chairman 
of the Editorial Board, and Messrs. Hale, Meltzer, John M. Clarke and the 
Home Secretary, it appeared to be the sense of the meeting that further finan- 
cial arrangements be left in the hands of the Finance Committee. 

The Academy further considered securing additional subscriptions for the 
PROCEEDINGS and upon the recommendation of the Council adopted the fol- 
lowing resolution: 
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That the Editorial Board recommend to the Academy that each member of the Academy 
be responsible for one subscription to the PROCEEDINGS, to be paid for by the member or by 
a subscriber. 


The following resolution was unanimously adopted: 


That the Home Secretary be requested to transmit the thanks of the Academy to the Pro- 
vost of the University of Pennsylvania, the President of the American Philosophical Society, 
the President of the Academy of Natural Sciences of Philadelphia and the members of the 
local committee for the courtesies extended to the members of the National Academy of 
Sciences at the Autumn Meeting, 1917. 


SCIENTIFIC SESSIONS 


Two public scientific sessions were held on November 20 and 21 at which 
the following papers were presented (an asterisk denotes presentation only by 
title): 


ERwInN F. Situ, Bureau of Plant Industry, U. S. Department of Agriculture: The wheat 
problem of the United States. 

Lrperty H. Bartey, Cornell University: The modern systematist. 

BRADLEY M. Davis, University of Pennsylvania: A criticism of the evidence for the muta- 
tion theory of De Vries from the behavior of cenothera in crosses and in selfed lines. (By 
invitation.) 

Jacques Loe, Rockefeller Institute: The chemical mechanism of regeneration. 

Henry H. Donatpson, The Wistar Institute: A comparison of growth changes in the 
nervous system of the rat with the corresponding changes in man. 

CHARLES B. DAVENPORT, Station for Experimental Evolution, Carnegie Institution: 
Hereditary tendency to form nerve tumors. 

LAFAYETTE B. MENDEL and THomAs B. OsBorNE, Yale University: Food hormones or 
vitamines in some animal tissues. 

Epcar F. Smita and WALTER K. VANHAAGEN, University of Pennsylvania: The atomic 
weight of boron. 

SAMUEL J. MELTZER and JoHN AUER, Rockefeller Institute: The effect of intravenous in- 
jection of magnesium sulphate upon tetanus (with a lantern slide demonstration by J. Auer). 

SIMON FLEXNER, Rockefeller Institute: Chemotherapy of spirochetal inféctions. (For 
Doctors Jacobs and Brown.) 

CLARENCE E. McCuune, University of Pennsylvania: Possible action of the sex-deter- 
mining mechanism. (By invitation.) 

Tuomas H. Morcan, Columbia University: The cause of Mosaics and Gonandrorionits 
in Drosophila. 

HERBERT E. Ives, Physical Laboratory, The United Gas Improvement Company: Spec- 
trum analysis by differential persistence of vision. (By invitation.) 

CuarLes G. ABzot, Smithsonian Astrophysical Observatory: The atmosphere and ter- 
restrial radiation. 

EDWARD KasneEr, Columbia University: Geometric aspects of the theory of heat. 

OLIVER E. GLENN, University of Pennsylvania: Invariants which are functions of para- 
meters of the transformation. (By invitation.) 

Epwin H. Hatz, Harvard University: The validity of the thermoelectric equation. P = 
T dv/dT. 

Epwin H. Hatt, Harvard University: A thermoelectric diagram on the P-V-plane. 

Witt1am B. Scort, Princeton University: The Astrapotheria of the Patagonian Miocene. 

Henry F. Osporn, American Museum of Natural History: Evolution of the Titanotheres; 
final conclusions. 
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Eric Doo.itt.Le, University of Pennsylvania: Study of the motions of forty-eight double- 
stars. (By invitation.) 

GUSTAV STROMBERG, Mt. Wilson Solar Observatory, Carnegie Institution: A determina- 
tion of the solar motion and of stream motion based on absolute magnitudes. (Read by 
Professor Hale.) ' 

ARMIN O. LEUSCHNER, University of California: On finite velocity of gravitation as a 
possible factor in stellar evolution. 

ALFRED G. Mayer, Marine Laboratory, Carnegie Institution: The coral reefs of Tutuila, 
Samoa. 

WituraM M. Davis, Harvard University: The subsidence of volcanic islands. 

Witi1am M. Davis, Harvard University: A duty of The International Association of 
Academies. 

Witt1am H. Hormes, U.S. National Museum: The work of the Anthropology Committee 
of the National Research Council. 
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